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LUBRICANTS  FOR  HYDRAULIC  STRUCTURES 

PART  I :  INTRODUCTION 


1.  US  Army  Corps  of  Engineers  field  installations  continually  ask 
questions  about  lubricants  for  Civil  Works  hydraulic  structures.  Uniform 
guidance  regarding  the  specification  and  use  of  lubricating  oils  and  greases 
is  not  available.  Several  districts  indicate  poor  performance  of  given 
lubricants  and  concern  about  the  compatibility  of  alternate  lubricants. 
Synthetic  lubricants  are  being  marketed  more  extensively  in  recent  years  ana 
Corps  installations  are  questioning  the  advisability  of  switching  to  more 
expensive  synthetic  lubricants.  In  response  to  these  concerns,  a  program  was 
developed  to  provide  guidance  for  lubricating  Corps  hydraulic  structures. 


Objective 


2.  The  objective  of  the  work  was  to  determine  the  Corps'  lubrication 
practices  and  problems  in  the  areas  of  lubricating  oils  and  greases  and 
insulating  oils,  and  provide  guidance  to  meet  the  needs. 


3.  Phase  I  of  the  program  was  directed  toward  learning  what  lubricants 
were  being  used  by  the  Corps  and  what  type  of  equipment  was  being  lubricated. 
To  accomplish  this,  a  survey  was  sent  to  all  Corps  installations  having 
hydraulic  structures.  The  survey  requested  that  installations  supply  photo¬ 
copies  of  the  two  engineering  forms  (ENG  2468  and  ENG  2469)  required  by  the 
Project  Operation  Maintenance  Guide,  ER  1130-2-303.  Information  on  any  onsite 
lubricant  evaluations  or  test  programs  which  may  have  been  conducted  by  the 
installation  as  well  as  point  of  contact  for  further  coordination  was  also 
requested. 

4.  Phase  II  consisted  of  (1)  reviewing  the  survey  responses  regarding 
the  type  of  lubricants  used  and  the  machinery  lubricated,  (2)  contacting 
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equipment  manufacturers  and  lubricant  producers  regarding  lubrication  needs, 
providing  state-of-the-art  information  to  aid  field  installations  in  obtaining 
appropriate  lubricants,  and  (3)  addressing  any  specific  problems  indicated  by 
the  responses  to  the  survey. 


5.  Motor  oils  are  not  considered  and  maintenance  procedures  are  not 
discussed.  General  discussions  on  the  nature  and  production  of  lubricants  are 
given  only  for  background  knowledge  to  assist  in  lubricant  selection.  Since 
these  subjects  cover  an  extensive  array  of  knowledge,  only  those  points  useful 
in  lubricant  selection  are  given.  Detailed  information  and  instructions  for 
product  selection  are  provided. 
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PART  II:  LUBRICATION  PRINCIPLES 


Friction 


6.  Friction  is  the  resistance  to  relative  motion  between  two  surfaces  in 
contact.  Two  general  cases  occur:  sliding  friction  and  rolling  friction. 

7.  Sliding  friction  is  best  demonstrated  by  imagining  a  brick  on  a  flat 
surface  (Figure  1).  If  force  is  applied  horizontally,  the  brick  will  not  move 
until  the  force  is  great  enough  to  set  it  in  motion.  This  force  is  equal  to 
the  resistance  at  the  instant  motion  begins  and  is  called  the  frictional 
force . 


Figure  1.  Force  F  acting  on  a  body  with  load  L 

8.  Three  laws  govern  the  relation  between  the  frictional  force  and  the 
load  or  weight  (L)  of  the  sliding  object.  The  first  law  says  that  the  ratio 
F/L  remains  constant  and  is  independent  of  contact  area.  No  matter  which  face 
of  the  brick  in  Figure  1  is  in  contact  with  the  surface,  the  ratio  F/L  remains 
the  same.  The  ratio  F/L  is  called  the  coefficient  of  friction  and  may  be 
symbolized  f  =  F/L. 

9.  A  second  law  states  F  is  proportional  to  L.  If  two  objects  of  equal 
weight  are  placed  one  above  the  other  on  a  flat  surface  to  double  the  weight, 
the  force  required  to  move  the  combined  load  would  also  be  doubled.  This 
means  that  f,  the  coefficient  of  'riction,  remains  constant  and  is  independent 
of  load. 
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10.  A  third  law  states  that  the  force  required  to  keep  a  body  in  motion 

is  the  same  regardless  of  the  speed.  In  other  words,  F  is  independent  of 
speed  and  the  coefficient  of  friction  is  also  independent  of  speed.  The  third 
law  implies  that  the  force  required  to  put  the  body  in  motion  is  the  same  as 

the  force  required  to  keep  it  in  motion.  This  is  not  true.  Once  in  motion, 

the  force  required  to  maintain  motion  is  less  than  the  force  required  to 
initiate  motion.  However,  once  in  motion,  there  is  some  dependency  on 
velocity.  These  facts  lead  to  two  categories  of  friction.  Static  friction  is 
the  force  required  to  initiate  motion  (Fg)  and  kinetic  or  dynamic  friction  is 

the  force  required  to  maintain  motion  (F^). 

11.  The  coefficient  of  friction  depends  on  the  type  of  material.  The 
coefficient  for  copper  is  different  from  that  of  a  bearing  alloy  or  steel. 
However,  it  is  less  dependent  on  the  roughness  of  the  contacting  surfaces  than 
one  might  imagine.  Regardless  of  how  smooth  a  surface  may  appear,  it  is 
composed  of  small  irregularities  or  asperities.  Early  researchers  supposed 
that  dragging  the  contacting  points  of  one  surface  up  and  over  those  of 
another  surface  constituted  the  frictional  force.  (In  Figure  2,  a  force  is 
required  to  drag  point  A  over  point  B.)  In  cases  where  a  surface  is  extremely 
rough,  the  contacting  points  do  play  a  role,  but  when  the  surface  is  fairly 
smooth,  the  points  have  a  very  modest  effect. 

12.  However,  real  surface  area  is  much  more  important  than  apparent 
smoothness.  Real  or  true  surface  area  refers  to  the  area  of  the  points  that 
are  in  contact  with  one  another.  This  area  is  much  less  than  the  apparent 
geometric  area.  Figure  3  illustrates  this  relationship.  Points  A,  B,  C,  and 
D  represent  the  true  area  of  contact. 


Figure  2.  Section  of  a  sliding  surface 
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Figure  3.  True  surface  area  at  points  A,  B,  C  and  D 

13.  Adhesion,  which  occurs  at  the  points  of  contact,  is  also  more  impor¬ 
tant  than  apparent  smoothness.  The  term  adhesion,  as  used  here,  refers  to  the 
welding  effect  that  occurs  when  two  bodies  are  compressed  against  each  other 
and  is  more  commonly  referred  to  as  cold  welding.  It  arises  from  pressure 
rather  than  heat  which  is  associated  with  welding  in  the  more  familiar  sense. 

A  shearing  force  is  required  to  separate  the  bonded  surfaces. 

14.  The  objective  of  lubrication  is  to  reduce  friction  by  introducing  a 
material  with  a  low  shear  strength  or  coefficient  of  friction  between  the 
wearing  surfaces.  Nature  provides  such  materials  in  the  form  of  oxides  and 
other  contaminants  but  the  reduction  in  friction  due  to  their  presence  is 
insufficient  for  machinery  operation.  However,  the  coefficient  of  friction  is 
much  lower  than  it  would  be  for  clean  metal. 

15.  In  such  cases,  a  second  relationship  is  often  used  to  define  the 
coefficient  of  friction:  f  =  S/P,  where  S  is  the  shear  strength  of  the 
material  and  P  is  pressure  (or  force)  contributing  to  compression.  From  this 
relationship,  it  is  apparent  that  the  coefficient  of  friction  is  a  function  of 
the  force  required  to  shear  a  material. 

16.  Sliding  motion  appears  to  be  smooth  but  is  actually  jerky  or  inter¬ 
mittent  because  the  object  slows  during  shear  periods  and  accelerates  follow¬ 
ing  the  shear.  After  acceleration,  another  set  of  shearing  obstacles  are  met 
and  the  process  is  repeated.  During  shear  periods,  Fg  controls  the  speed. 

Once  shearing  is  completed,  Fk  controls  the  speed  and  the  object  accelerates. 

In  well-lubricated  machinery  operated  at  the  proper  speed,  this  effect  is 
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b.  The  frictional  force  is  an  inverse  function  of  the  radiu9  of 
curvature.  As  the  radius  increases,  the  frictional  force 
decreases. 

c.  The  frictional  force  decreases  as  the  smoothness  of  the  rolling 
element  improves. 

d.  The  static  frictional  force  (Fg)  is  much  greater  than  the 
kinetic  force  (F^)- 


Wear 


21.  Friction  creates  heat  and  causes  wear.  Because  heat  generation  due 
to  friction  is  so  common,  it  will  not  be  discussed  here.  However,  wear 
deserves  some  consideration. 

22.  Wear  removes  material  from  working  surfaces.  Although  it  is  an 
inescapable  process,  it  can  be  reduced  by  appropriate  machinery  design, 
precision  machining,  proper  maintenance,  and  proper  lubrication. 

Ordinarily,  wear  is  thought  of  only  in  terms  of  abrasive  wear  occurring  in 
connection  with  sliding  motion  and  friction.  However,  wear  can  also  be  the 
result  of  adhesion,  corrosion,  or  fatigue. 

23.  Abrasive  wear  occurs  when  one  wearing  surface  cuts  into  and  plows 
out  a  small  portion  of  the  other.  Dust  and  dirt  between  wearing  surfaces 
contribute  to  abrasive  wear. 

24.  Adhesive  wear  occurs  when  points  of  contact  (which  constitute  the 
true  area  of  wear)  undergo  adhesion.  Although  shearing  often  occurs  along 
the  plane  where  adhesion  took  place,  it  also  occurs  as  shown  in  Figure  4. 


SHEAR  PLANE 

I 

c.  Shearing 


Figure  4.  Shearing  of  a  welded  junction 
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insignificant.  However,  under  special  circumstances,  this  motion  is  respon¬ 
sible  for  the  squeaking  or  chatter  sometimes  heard  in  machine  operation. 
Machines  that  operate  over  long  sliding  surfaces,  such  as  the  ways  of  a  lathe, 
are  subject  to  this  effect  which  is  referred  to  as  "stick-slip."  Lubricants 
with  additives  to  make  F^  greater  than  Fg  are  used  to  overcome  this  effect. 

17.  Rolling  friction  is  also  important.  Experience  shows  that  much  less 
force  is  required  to  roll  an  object  than  to  slide  or  drag  it.  Nonetheless, 
force  is  required  to  initiate  and  maintain  rolling  motion.  Consequently, 
there  must  be  a  definite  although  small  amount  of  friction  involved.  The 
precise  manner  in  which  rolling  friction  occurs  is  beyond  the  scope  of  this 
work.  However,  the  following  generalizations  will  help  to  understand  rolling 
friction. 

18.  Theoretically,  a  rolling  sphere  or  cylinder  should  make  contact  with 
a  flat  surface  at  a  single  point  or  along  a  line  (in  the  case  of  a  cylinder). 

In  reality,  the  area  of  contact  is  slightly  larger  than  a  point  or  line  and  is 
formed  by  elastic  deformation  of  either  the  rolling  object  or  the  flat 
surface,  or  both.  Much  of  the  friction  is  attributed  to  elastic  hysteresis. 

If  an  object  were  perfectly  elastic,  it  would  spring  back  immediately  after 
relaxation  of  the  deformation,  but  this  is  not  usually  the  case.  A  small  but 
definite  amount  of  time  is  required  to  restore  the  original  shape.  As  a 
result,  energy  is  not  entirely  returned  to  the  object  or  surface.  It  is 
retained  and  converted  to  heat.  The  force  which  supplies  that  energy  is,  in 
part,  the  rolling  frictional  force. 

19.  A  certain  amount  of  slippage  (which  is  the  equivalent  of  sliding 
friction)  is  involved  in  rolling  friction.  If  the  friction  of  an  unhoused 
rol’ing  object  is  measured,  slippage  plays  only  a  very  small  part.  However, 
in  practical  applications  such  as  a  housed  ball  or  roller  bearing,  some 
slippage  occurs  and  contributes  to  rolling  friction.  Disregarding  slippage, 
roiling  friction  is  very  small  compared  to  sliding  friction. 

20.  Although  laws  for  sliding  friction  cannot  be  applied  to  rolling 
bodies  in  equally  quantitative  terms,  the  following  generalities  can  be  given: 

a.  The  frictional  force  can  be  expressed  as  a  fractional  power  of 
the  load  times  a  constant  (F  =  kLx)  but  the  constant  (k)  and 
the  power  (x)  must  be  determined  experimentally. 
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Presumably,  shearing  occurs  through  the  weakest  section,  which  is  not  neces¬ 
sarily  at  the  adhesion  plane.  In  many  cases,  shearing  occurs  in  the  softer 
material,  but  such  a  comparison  is  based  on  shear  tests  of  relatively  large 
pure  samples.  The  adhesion  junctions,  on  the  other  hand,  are  very  small 
spots  of  weakness  or  impurity  that  would  be  insignificant  in  a  large 
specimen  but  in  practice  may  be  sufficient  to  permit  shearing  through  the 
harder  material.  Investigations  have  shown  that  both  faces  of  wearing 
surfaces  of  different  hardness  contain  traces  of  material  from  the  other 
face  (Bowden  1967)*.  Theoretical Ly,  this  type  of  wear  does  not  remove 
material  but  merely  transfers  it  between  wearing  surfaces.  However,  the 
transferred  material  is  often  loosely  deposited  and  eventually  flakes  away 
in  microscopic  parcicLes. 

25.  Corrosive  wear  occurs  when  a  chemical  reaction  occurs  on  either 
wearing  surface.  The  most  common  form  of  corrosion  is  due  to  a  reaction 
between  the  metal  and  oxygen,  but  other  chemicals  could  be  responsible  if 
present.  Corrosion  products  (usually  oxides)  have  shear  strengths  that 
differ  from  those  of  the  metals  of  the  wearing  surfaces  from  which  they  were 
formed.  They  tend  to  flake  away,  resulting  in  pitting  of  wearing 
surfaces.  Ball  and  roller  bearings  depend  on  extremely  smooth  surfaces  to 
reduce  frictional  effects.  Corrosive  pitting  is  especially  detrimental  to 
these  bearings. 

26.  Metal  fatigue  is  demonstrated  by  bending  a  piece  of  metal  wire  back 
and  forth  until  it  breaks.  Whenever  a  metal  shape  is  deformed  many  times, 

it  eventually  fails.  A  different  type  of  deformation  occurs  when  a  ball 
bearing  under  a  load  rolls  along  its  race.  The  bearing  is  flattened 
somewhat  and  the  edges  of  contact  are  extended  outward.  This  repeated 
flexing  eventually  results  in  microscopic  flakes  being  removed  from  the 
bearing.  Fatigue  wear  also  occurs  during  sliding  motion. 

27.  Not  all  wear  is  considered  detrimental.  During  the  break-in  period 
of  new  machinery,  friction  wears  down  working  surface  irregularities  and 
redistributes  the  material. 


*Bowden,  F.P.  1967.  Friction  and  Lubrication,  Methuen  and  Co.,  London. 
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Viscosity 


28.  Viscosity  is  a  property  of  fLuids.  It  is  defined  as  shear  stress 
divided  by  shear  rate  and  is  regarded  as  a  measure  of  the  resistance  to  a 
shearing  force.  A  fluid  with  high  viscosity  does  not  flow  easily  and 
requires  more  force  in  a  given  unit  of  time  for  shearing.  Fluids  with  low 
viscosity  flow  easily  and  require  less  force. 

29.  When  viscosity  is  determined  by  directly  measuring  shear  stress  and 
shear  rate,  it  is  expressed  in  centipoise  (cP)  and  is  referred  to  as  the 
absolute  viscosity  or  dynamic  viscosity. 

30.  In  the  oil  industry,  it  is  more  common  to  use  kinematic  viscosity 
which  is  the  absolute  viscosity  divided  by  the  density  of  the  oil  being 
tested.  Kinematic  viscosity  is  expressed  in  centistokes  (cSt).  Viscosity 
in  centistokes  is  conventionally  given  at  two  standard  temperatures:  104 
and  212°  F  (40  and  100°  C). 

31.  In  many  cases,  the  viscosity  of  an  oil  is  not  determined  by 
measuring  shear  stress  and  shear  rate  directly.  Instead,  the  time  required 
for  an  oil  to  flow  through  a  standard  orifice  at  a  standard  temperature  is 
used.  Viscosity  is  then  expressed  in  SUS  (Saybolt  Universal  Seconds).  SUS 
viscosities  are  also  conventionally  given  at  two  standard  temperatures:  100 
and  210°  F  (37  and  98°  C). 

32.  Professional  societies  classify  oils  by  viscosity  ranges  or 
grades.  The  most  common  systems  are  those  of  the  SAE  (Society  of  Automotive 
Engineers),  the  AGMA  (American  Gear  Manufacturers  Association),  the  ISO 
(International  Standards  Organization),  and  the  ASTM  (American  Society  for 
Testing  and  Materials).  Other  systems  are  used  in  special  circumstances. 

33.  This  variety  of  grading  systems  can  be  confusing.  A  specification 
giving  the  type  of  oil  to  be  used  might  identify  an  oil  in  terms  of  its  AGMA 
grade,  for  example,  but  an  oil  producer  may  give  the  viscosity  in  terms  of 
cSt  or  SUS.  Conversion  tables  for  the  various  grading  systems  are  given  in 
Appendix  A.  Conversion  between  cSt  and  SUS  viscosities  at  standard  tempera¬ 
tures  can  also  be  obtained  from  ASTM  D  2161. 

34.  Ordinarily,  fluid  lubricants  are  oils.  The  viscosity  of  oil  varies 
inversely  with  its  temperature.  As  temperature  increases,  oil  viscosity 
decreases  and  when  temperature  decreases,  oil  viscosity  increases.  Oils 
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also  vary  in  the  extent  to  which  their  viscosity  changes  with 
temperatures.  For  some  temperature  range,  say  0  to  100°  F  (-18  to  37°  C), 
one  oil  may  change  considerably  more  than  another.  A  measure  of  this 
tendency  has  been  devised  and  is  called  the  viscosity  index  (VI).  The 
higher  the  VI,  the  less  the  viscosity  will  change  over  a  given  temperature 
range.  The  lower  the  VI,  the  more  the  viscosity  will  change.  An  oil  with  a 
VI  of  95  to  100  would  change  less  than  one  with  a  VI  of  80.  Proper 
selection  of  petroleum  stocks  and  additives  can  produce  oils  with  a  very 
good  VI  (see  Part  III). 


Objectives  in  Lubrication 

35.  The  fundamental  principle  of  lubrication  is  to  interject  a  material 
with  a  lower  shear  strength  (or  coefficient  of  friction)  between  wearing 
surfaces  that  have  a  relatively  high  coefficient  of  friction.  In  effect,  the 
wearing  surfaces  are  replaced  by  a  material  with  a  more  desirable  coefficient 
of  friction.  A  material  used  to  reduce  friction  in  this  way  is  a  lubricant. 
Liquids,  solids,  and  even  gases  can  be  used  as  lubricants.  Industrial  machin¬ 
ery  ordinarily  uses  oil  or  grease,  but  solid  additives  such  as  molybdenum 
disulfide  or  graphite  may  be  included  when  loading  is  heavy.  In  special 
cases,  wearing  surfaces  are  plated  with  a  different  metal  to  reduce  friction. 

36.  The  ultimate  goal  of  lubrication  is  to  reduce  heat  and  wear  to 
negligible  or  acceptable  levels.  Since  both  heat  and  wear  are  associated 
with  friction,  they  can  be  reduced  by  reducing  the  coefficient  of  friction. 
Lubricants  may  also  be  used  to  reduce  oxidation  and  prevent  rust.  However, 
all  such  functions  ultimately  contribute  to  reducing  heat  and  wear. 

Hydrodynamic  Lubrication 

37.  In  hydrodynamic  lubrication,  wearing  surfaces  are  completely 
separated  by  a  film  of  oil.  A  good  example  of  this  type  of  lubrication  is 
provided  by  a  loaded  plate  riding  on  a  flat  surface  (Figure  5).  Before 
motion  takes  place,  the  loaded  plate  rests  on  the  supporting  surface.  As 
the  plate  is  put  in  motion,  it  meets  a  certain  amount  of  resistance  or 
opposing  force  due  to  viscosity  of  the  oil.  This  causes  the  leading  edge  to 
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SUPPORT  SURFACE 


Figure  5.  Hydrodynamic  lubrication. 

lift  slightly  and  allow  a  small  amount  of  oil  to  come  between  the  plate  and 
supporting  surface.  As  velocity  increases,  the  wedge-shaped  oil  film 
increases  in  thickness  until  constant  velocity  is  attained.  A  similar 
phenomenon  is  witnessed  when  someone  water  skies.  When  the  velocity  is 
constant,  oil  entering  under  the  front  edge  equals  the  amount  passing  outward 
from  the  trailing  edge.  For  the  loaded  plate  to  remain  above  the  supporting 
surface  there  must  be  an  upward  pressure  that  equals  the  load.  Large  thrust 
bearings,  such  as  those  found  in  generators  at  hydroelectric  plants,  operate 
under  this  principle.  However,  the  design  must  allow  the  plates  to  lift  and 
tilt  properly  and  provide  sufficient  area  to  lift  the  load. 

38.  Another  example  of  hydrodynamic  lubrication  is  found  in  operation  of 
journal  or  sleeve  bearings  and  is  depicted,  with  exaggerated  dimensions,  in 
Figure  6.  Before  motion  begins,  the  journal  rests  on  the  bearing  centered  on 
the  vertical  diameter.  When  the  journal  rotates,  oil  adhering  to  the  journal 
causes  a  buildup  of  pressure  indicated  by  the  shaded  area  on  Figure  6a.  As 

the  velocity  of  rotation  increases,  this  pressure  lifts  the  journal  to  provide 
a  curved  wedge-shaped  film  that  prevents  contact  between  the  journal  and  its 
bearing.  The  point  of  least  film  depth  is  not  on  the  vertical  diameter;  it  is 
shifted  to  the  left  as  indicated  in  Figure  6b.  Eventually,  velocity  becomes 
constant  and  the  journal  rides  on  a  film  of  oil  sufficient  to  prevent  contact 
with  the  bearing  surface. 

39.  This  is  a  very  simplified  explanation.  A  more  precise  mathematical 
theory  was  developed  by  Reynolds  before  the  turn  of  the  century  and  is  now 
referred  to  as  the  Reynolds  equation.  It  is  a  rather  complicated  analysis  and 
more  simplified  equations  have  been  developed  to  provide  equivalent  approxima¬ 
tions.  From  such  equations,  film  thickness  may  be  calculated  with  a  consider¬ 
able  degree  of  precision. 
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VERTICAL  DIAMETER  THROUGH  POINT 


Figure  6.  Hydrodynamic  lubrication  of  a  journal  bearing 

40.  Regardless  of  how  film  thickness  is  calculated,  it  is  a  function  of 
viscosity,  velocity,  and  load.  As  viscosity  or  velocity  increases,  the  film 
thickness  increases.  When  these  two  variables  decrease,  the  film  thickness 
also  decreases.  Film  thickness  varies  inversely  with  the  load.  As  the  load 
increases,  film  thickness  decreases.  Viscosity,  velocity,  and  operating 
temperature  are  also  interrelated.  If  viscosity  is  increased,  the  operating 
temperature  will  increase,  which  has  a  tendency  to  reduce  viscosity.  Thus, 
and  increase  in  viscosity  tends  to  neutralize  itself  somewhat.  Velocity 
increases  also  cause  temperature  increases  accompanied  by  a  viscosity  reduc¬ 
tion. 

41.  Theoretically,  hydrodynamic  lubrication  reduces  wear  to  zero.  In 
reality,  the  journal  tends  to  move  due  to  load  changes  or  other  disturbances 
and  some  wear  does  occur.  Nonetheless,  hydrodynamic  lubrication  reduces 
sliding  friction  and  wear  to  a  minimum. 

Boundary  Lubrication 

42.  Lubrication  designed  to  protect  against  frictional  effects  when 
asperities  meet  is  called  boundary  lubrication.  Materials  contained  in  the 
lubricant  attach  themselves  to  the  wearing  surfaces  and  lower  the  coefficients 
of  friction. 
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43.  In  the  past,  animal  fats  and  vegetable  oils  were  used  as  boundary 
lubrication.  When  petroleum  begin  to  provide  lubricating  oils,  it  was  found 
that  if  fat  was  added  to  mineral  oil  the  resulting  compound  could  reduce  the 
coefficient  of  friction  between  wearing  surfaces  even  though  the  viscosity  was 
the  same  as  for  untreated  mineral  oil.  This  quality  of  lowering  the  coeffi¬ 
cient  of  friction  for  a  given  viscosity  is  known  as  oiliness  or  lubricity  and 
arises  from  the  presence  of  long-chain  fatty  acids. 

44.  Long-chain  fatty  acids  are  composed  of  a  chain  of  carbon  atoms  that 
has  oxygen  at  one  end  of  the  molecule,  making  the  molecule  polar  and  react¬ 
ive.  Although  Part  III  gives  more  detail  on  the  nature  of  these  molecules, 
the  following  is  sufficient  to  describe  what  takes  place. 

45.  The  fatty  molecules  attach  themselves  to  metal  surfaces  by  either 
of  two  mechanisms.  In  the  first  case,  the  molecules  adhere  to  a  metal  surface 
due  to  their  polar  nature.  Mineral  oil  would  also  adhere  to  a  metal  surface; 
however,  the  adherence  is  much  weaker  than  that  of  the  fatty  acids.  This  type 
of  attachment  is  referred  to  as  adsorption.  Fatty  molecules  dissolved  in  the 
oil  attach  themselves  to  a  metal  surface  by  their  polar  ends  in  an  array 
similar  to  the  hairs  of  a  brush  (Figure  7).  Remember  that  the  surface  is  not 
truly  metallic,  but  a  microscopic  coating  of  oxides  and  impurities.  The 
surfaces  slide  over  these  molecules  which  provide  a  reduced  coefficient  of 
friction  and  reduced  heating  and  wear.  However,  adsorption  is  a  reversible 
process.  If  the  temperature  is  raised  to  the  melting  point  of  the  fatty 
acids,  they  will  be  removed  from  the  surface  and  go  back  into  solution  with 
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Figure  7.  Adsorption  of  fatty  acids  on  wearing  surfaces 


the  oil.  The  adsorbed  molecules  may  also  be  removed  by  physical  force  if 
contact  between  asperities  is  too  severe. 

46.  The  second  mechanism  of  attachment  is  called  chemisorption.  In  this 
process,  the  fatty  acids  react  with  the  true  metal  surface  and  form  a  bond, 
which  is  somewhat  stronger  than  that  of  adsorption,  and  a  new  chemical — a 
soap.  Due  to  the  stronger  bonding,  a  greater  degree  of  protection  is  pro¬ 
vided.  This  type  of  bonding  is  irreversible.  The  soap  does  not  become 
detached  when  the  temperature  reaches  the  soap's  melting  point.  Detachment 
does  not  occur  until  a  temperature  considerably  above  the  melting  point  is 
reached.  Higher  temperatures  and  severe  contact  will,  in  the  end,  remove  the 
soap  and  put  it  in  solution.  (See  Part  III  for  a  description  of  soaps.) 

47.  Chemicals  that  provide  protection  in  this  manner  are  called 
antiwear  agents  and  oils  that  have  been  treated  with  them  are  classed  as  AW 
(antiwear).  Most  oils  intended  for  use  in  heavier  machine  applications 
contain  antiwear  agents.  However,  AW  agents  are  effective  only  up  to  a 
maximum  temperature  of  about  250°  C  (480°  F). 

EP  Lubrication 


48.  Because  heavy  loading  causes  the  temperature  to  increase,  antiwear 
protection  is  effective  only  up  to  some  limit  of  loading  and  the  associated 
temperature.  When  pressure  becomes  too  great,  asperities  make  contact  with 
greater  force.  Instead  of  sliding,  shearing  takes  place,  removing  the 
lubricant  and  the  oxide  coating.  Under  these  conditions  (Figure  8),  the 
coefficient  of  friction  is  greatly  increased  and  the  temperature  reaches  a 
damaging  level. 


Figure  8.  Wearing  surfaces  shear  when  a  lubricant 
fails  under  extreme  pressure 
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49.  Lubricants  that  protect  against  extreme  pressure  are  called  EP 
lubricants  and  oils  containing  additives  to  protect  against  extreme  pressure 
are  classified  as  EP  oils.  EP  lubrication  is  provided  by  a  number  of  chemical 
compounds.  The  most  common  are  compounds  of  phosphorous,  sulfur,  or  chlo¬ 
rine.  The  compounds  are  activated  by  the  higher  temperature  resulting  from 
extreme  pressure,  not  by  the  pressure  itself.  As  the  temperature  rises,  EP 
molecules  become  reactive  and  release  phosphorous,  chlorine,  or  sulfur 
(depending  on  which  compound  is  used)  to  react  with  only  the  exposed  metal 
surfaces  to  form  a  new  compound  such  as  iron  chloride  or  iron  sulphide.  The 
new  compound  forms  a  protective  coating  on  the  exposed  metal.  Thus,  the 
protection  is  deposited  at  exactly  the  sites  where  it  is  needed.  Fatty  acids 
in  the  EP  oil  continue  to  provide  AW  protection  at  sites  where  wear  and 
temperature  are  not  high  enough  to  activate  the  EP  agents.  Figure  9  gives 
graphic  representation  of  how  EP  and  AW  agents  work  together. 


Figure  9.  Frictional  behavior  of  metal  surfaces  lubricated 
with  an  oil  containing  AW  and  EP  agents. 

Curve  I:  paraffin  oil;  Curve  II:  fatty  acid;  Curve  III:  E.P. 
lubricant  which  reacts  with  the  surfaces  at  temperature  Tr; 
Curve  IV:  mixture  of  E.P.  lubricant  and  fatty  acid.  The  fatty 
acid  provides  effective  lubrication  at  temperatures  below  those 
at  which  the  E.P.  additive  reacts  with  the  metal. 
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Elastohydrodynamic  Lubrication  (EHD) 


50.  The  lubrication  of  rolling  bodies  is  called  elastohydrodynamic 
lubrication.  This  cumbersome  wording  is  conventionally  shortened  to  EHD. 
Lubrication  for  rolling  objects  (ball  or  roller  bearings)  operates  on  a 
considerably  different  principle  than  for  sliding  objects,  although  the 
principles  of  hydrodynamic  lubrication  explain  quite  a  bit  about  lubricating 
rolling  elements.  Figure  10  shows  that  a  wedge  of  oil  exists  at  the  forward 
underside  of  the  bearing.  In  hydrodynamic  lubrication,  adhesion  of  oil  to  the 
sliding  element  and  the  supporting  surface  increases  pressure  and  creates  a 
film  between  the  two  bodies.  For  rolling  elements  however,  the  deformed  area 
of  contact  is  extremely  small  and  the  force  per  unit  area,  or  pressure,  is 
tremendous.  In  a  roller  bearing,  pressure  may  reach  5,000  lb/sq  in.  (34,450 
kPa).  In  a  ball  bearing,  pressure  may  reach  100,000  lb/sq  in. (689,000  kPa). 

It  would  seem  that  the  oil  would  be  entirely  squeezed  from  between  the  wearing 
surfaces  at  these  pressures.  However,  viscosity  may  increase  from  100  to 
100,000  times  under  extremely  high  pressure.  This  prevents  the  oil  from  being 
entirely  squeezed  out.  Consequently,  a  thin  film  of  oil  is  present. 

51.  The  roughness  of  the  wearing  surfaces  plays  an  important  role  in  EHD 
lubrication.  Roughness  is  given  as  the  arithmetic  average  of  the  distance 
from  high  to  low  points  of  a  surface.  This  is  sometimes  called  the  centerline 
average  (CLA).  This  average  is  not  a  particularly  good  measure  of  roughness 
because  an  individual  peak  to  height  distance  might  be  as  much  as  6  to  10 
times  as  large  as  the  CLA.  However,  no  better  method  has  been  found  to  simply 
express  roughness. 


Figure  10.  Area  of  pressure  in  a  rolling  body 
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52.  The  greater  the  film  thickness  in  relation  to  roughness,  the  less 
surface  asperities  will  make  contact.  Engineers  use  the  ratio  of  film  thick¬ 
ness  (h)  to  roughness  (CLA)  to  estimate  life  of  a  bearing  system.  The  ratio 
is  symbolized  by  the  greek  letter  A  (lambda):  A  =  h/CLA  where  CLA  is  the 
average  of  both  surface  CLAs. 

53.  Full  film  thickness  is  considered  to  exist  when  the  value  of  A  is 
between  two  and  four.  When  full  film  lubrication  exists,  fatigue  failure  is 
due  entirely  to  subsurface  stress.  However,  in  most  industrial  applications, 
a  value  of  A  between  one  and  two  is  achieved  and  surface  stress  occurs  (i.e., 
surface  asperities  undergo  stress)  and  contributes  to  fatigue.  Fatigue  is  a 
major  source  of  wear  in  antifriction  bearings. 

54.  The  relation  of  bearing  life  to  A  is  very  complex  and  not  always 
predictable.  However,  as  a  generality,  life  is  extended  as  A  increases. 
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PART  III:  LUBRICATING  OILS  AND  GREASES 


The  Nature  of  Oil 

55.  Petroleum  is  a  mixture  of  chemical  compounds  formed  from  the  remains 

oi  ancient  animals  and  plants.  It  is  trapped  in  porous  rock  formations  and  is 
usually  associated  with  concentrated  saltwater.  The  majority  of  petroleum 
belongs  to  the  chemical  class  called  hydrocarbons,  which  are  chains  of  carbon 
atoms  compounded  with  hydrogen.  The  number  of  carbons  may  range  from  1  (in 
methane  gas)  to  well  above  50.  Hydrocarbons  are  further  broken  into  three 
classes:  paraffins,  naphthenes,  and  aromatics.  The  carbon  atoms  in  paraffins 

are  aligned  in  straight  or  branched  chains  (Figure  11).  Naphthenes  are 
similar  to  paraffins  except  that  the  ends  of  the  molecule  are  connected  to 
form  closed  rings  (Figure  12).  Aromatics  also  form  rings  (Figure  13). 

However,  they  contain  fewer  hydrogen  atoms  due  to  double  bonding  between  some 
of  the  six  carbon  atoms.  Several  rings  may  be  fused  together. 

56.  Combinations  of  these  three  classes  also  occur.  A  paraffin  may  be 
connected  to  a  naphthenic  ring  and  through  another  chain  to  an  aromatic. 
Furthermore,  only  the  smallest  simple  molecules  have  been  shown  here  for  the 
sake  of  convenience.  Petroleum  may  contain  molecules  with  up  to  50  or  more 
carbon  atoms,  and  may  contain  impurities  such  as  metals  or  compounds  of 
sulfur,  nitrogen,  or  oxygen. 
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Figure  11.  Paraffin  structures 
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Figure  12.  Naphthenic  structures 
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Figure  13.  Aromatic  structures 

57.  There  is  another  class  of  chemical  compounds,  the  fatty  acids,  which 
were  mentioned  in  Part  II,  but  could  not  be  adequately  described  at  that 
point.  Some  idea  of  the  nature  of  fatty  acids  can  now  be  given. 

58.  Fatty  acids  are  essentially  paraffinic  chains  with  a  reactive  group  at 
one  end  (Figure  14).  This  causes  the  molecule  to  attach  or  adsorb  itself  to 
metal  surfaces  more  strongly  than  would  be  true  for  a  simple  paraffin.  The 
chains  may  contain  15  to  20  carbon  atoms. 
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Figure  14.  A  long-chain  fatty  acid  structure 


Oil  Refining 

59.  Due  to  the  wide  variety  of  petroleum  constituents,  it  is  necessary  to 
separate  petroleum  into  fractions  with  roughLy  the  same  qualities.  This  is 
accomplished  by  distillation.  The  crude  petroleum  is  first  mixed  with  water 

to  dissolve  any  salt.  The  resulting  brine  is  separated  by  settling.  The 
remaining  oil  is  pumped  through  a  tubular  furnace  where  it  is  partially 
vaporized.  The  components  that  have  a  low  number  of  carbon  atoms  vaporize  and 
pass  into  a  fractionating  column  or  tower.  As  the  vapors  rise  in  the  column, 
cooling  causes  condensation.  By  controlling  the  temperature,  the  volatile 
components  may  be  separated  into  fractions  that  fall  within  particular  boiling 
point  ranges.  In  general,  those  compounds  with  the  lowest  boiling  points  have 
the  fewest  carbon  atoms  and  those  with  the  highest  boiling  points  have  the 
greatest  number  of  carbon  atoms.  This  process  reduces  the  number  of  compounds 
within  each  range  and  provides  different  qualities. 

60.  There  are  two  distinct  stages  in  distillation.  The  first  stage 
(described  in  the  preceding  paragraph)  produces  raw  gasoline,  kerosene,  and 
diesel  fuel.  The  second  stage  involves  distilling  the  portion  of  the  first 
stage  that  did  not  volatilize  (the  residuum).  Lubricating  oils  are  obtained 
from  the  residuum. 

61.  The  residuum  is  distilled  under  vacuum  so  it  will  boil  at  a  lower 
temperature.  If  the  temperature  is  too  high,  undesirable  products  are  ob¬ 
tained.  Distillation  of  the  residuum  produces  oils  of  several  boiling  point 
ranges.  Again,  the  higher  the  boiling  point,  the  higher  the  carbon  content  of 
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the  oil  molecules  in  a  given  range.  More  importantly,  viscosity  also  varies 
with  the  boiling  point  and  the  number  of  carbon  atoms  in  the  oil  molecules. 

62.  This  description  of  refining  is,  of  course,  very  simplified.  Once  the 
oil  is  separated  into  fractions,  it  must  be  further  treated  to  remove  impuri¬ 
ties,  wax,  resins,  and  asphalt.  Those  oils  that  have  been  highly  refined  are 
usually  referred  to  as  premium  grades  to  distinguish  them  from  grades  of 

lesser  quality  in  the  producer's  line  of  products.  However,  there  is  no 
criteria  to  establish  what  constitutes  premium  grade. 

63.  A  broad  general  scheme  of  the  refining  is  as  follows.' 

a.  Crudes  are  segregated  and  selected  depending  on  the  types  of 
hydrocarbons  in  them. 

b.  The  selected  crudes  are  distilled  to  produce  fractions  in  the 
same  general  boiling  point  range. 

c.  Each  fraction  is  processed  to  remove  undesirable  components. 

This  may  include: 

(1)  Solvent  refining  to  remove  undesirable  compounds. 

(2)  Solvent  dewaxing  to  remove  compounds  that  form  crystaLlike 
materials  at  low  temperature. 

(3)  Catalytic  hydrogenation  to  eliminate  compounds  that  would 
easily  oxidize. 

(4)  Clay  percolation  to  remove  polar  substances. 

d.  The  various  fractions  are  blended  to  obtain  a  finished  product 
with  the  specified  viscosity.  Additives  may  be  introduced  to 
improve  desired  characteristics. 

64.  Refined  lubricating  oils  are  classified  as  paraffinic  or  naphthenic 
according  to  which  fraction  is  predominant.  This  varies  with  the  source  of 
the  crude.  Because  aromatics  are  generally  undesirable  and  are  removed,  they 
are  seldom  mentioned  in  the  product  descriptions. 

65.  Paraffinic  molecules  tend  to  form  waxy  crystallike  particles  at  low 
temperatures  and  elevate  the  pour  point,  the  temperature  at  which  an  oil 
ceases  to  flow.  However,  paraffinics  have  a  better  viscosity  index. 

Naphthenics  behave  in  an  opposite  manner;  they  do  not  form  waxy  particles  as 
easily  and  have  a  lower  pour  point,  but  their  viscosity  index  is  poor. 

Naphthenics  are  generally  reserved  for  uses  where  the  temperature  range  is 
small  and  a  low  pour  point  is  required. 
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Additives 


66.  Even  though  oil  quaLity  is  established  by  the  refining  processes, 
oil  can  be  improved  by  introducing  additives.  However,  additives  alone  do 
not  establish  quality  with  respect  to  oxidation  resistance,  emulsification, 
pour  point,  and  viscosity  index.  The  additives  are  most  effective  if  the 
oil  is  well  refined.  Lubricant  producers  do  not  usually  state  which  com¬ 
pound  is  used  in  the  product;  only  the  generic  function  is  given  (e.g., 
antiwear  or  EP  agents,  or  oxidation  inhibitor).  Producers  do  not  always  use 
the  same  additive  to  accomplish  the  same  goal.  This  means  that  although  two 
brands  do  essentially  the  same  job,  they  may  not  be  chemically  identical. 

67.  An  additive  may  function  in  any  of  the  following  three  ways! 

a.  It  protects  the  lubricated  surface.  Extreme  pressure 
additives  and  rust  inhibitors  are  in  this  category.  They 
coat  the  lubricated  surfaces  and  prevent  wear  or  rust. 

b.  It  improves  performance.  Viscosity  index  improvers  and  anti¬ 
foaming  agents  are  examples.  The  oil  is  made  to  perform  in  a 
desired  manner. 

c.  It  protects  the  lubricant  itself.  Antioxidants  reduce  the 
tendency  of  oil  to  oxidize  and  form  sludges  and  acids.  The 
most  common  additives  are  listed  in  Table  1  and  will  be  dis¬ 
cussed  individually  in  the  following  paragraphs. 

Rust  inhibitors 

68.  Rust  inhibitors  are  found  in  most  industrial  lubricating  oils. 
Although  oil  and  water  do  not  mix  very  well,  water  will  become  distributed 
in  oil  as  molecules,  an  emulsion  (especially  if  the  oil  contains  polar 
compounds  that  may  develop  as  the  oil  ages),  or  as  free  water  (either 
suspended  by  agitation  or  resting  beneath  the  oil  on  machine  surfaces  when 
agitation  is  absent).  Rust  inhibitors  prevent  water  from  making  contact 
with  machine  parts  by  making  the  oil  adhere  better  or  by  emulsifying  the 
water  if  it  is  in  a  Low  concentration.  Some  typical  rust  inhibitors  include 
alkinylsuccinic  acids  and  their  derivatives,  alkylthioacet ic  acid 
derivatives,  amine  phosphates,  and  amine  sulfonates.  However,  the  producer 
does  not  ordinarily  report  which  compound  is  used. 

Oxidation  inhibitors 

69.  Over  time,  hydrocarbon  molecules  will  react  to  incorporate  oxygen 
atoms  into  their  structure.  The  resulting  oxides  may  in  turn  react  among 
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themselves  to  form  long  chain  molecules  (called  polymers)  which  agglomerate 
into  sludges  and  varnishlike  substances  that  coat  the  machine  parts.  This 
causes  overheating  and  damages  the  moving  parts.  At  low  temperatures  and 
under  minimal  exposure  to  oxygen,  this  process  is  very  slow.  At  elevated 
temperatures  and  increased  exposure  to  oxygen,  the  process  takes  place  in  a 
shorter  period.  Oxidation  of  hydrocarbons  is  chemically  very  complex  and 
depends  on  the  nature  of  the  oil.  Additives  that  reduce  oxidation  are 
available;  however,  a  discussion  of  how  they  retard  oxidation  is  beyond  the 
scope  of  this  report. 

Antifoamants 

70.  In  many  applications,  air  or  other  gases  may  become  entrained  in 
oil.  Unless  these  gases  can  be  released,  a  foam  is  generated.  Foam  may 
displace  some  of  the  oil  and  damage  the  machinery  or  cause  it  to  operate 
improperly.  Silicone  polymers  or  polyacrylates  are  added  to  reduce  foaming. 
Demulsifiers 

71.  In  most  industrial  applications,  it  is  undesirable  to  have  emulsi¬ 
fied  water  in  the  oil.  Heavy  metal  soaps  or  alkaline  earth  sulfonates  are 
often  used  to  prevent  emulsification.  Some  oils  contain  detergents  that 
hold  contaminants  in  suspension  to  prevent  them  from  collecting  on  working 
surfaces.  Unfortunately,  this  also  promotes  emulsification.  If  a  detergent 
oil  is  mixed  with  an  industrial  oil  containing  a  demulsifier,  the  effect  of 
the  demulsifier  will  be  reduced  or  neutralized. 

Compounded  oil 

72.  If  a  small  amount  of  animal  fat  or  vegetable  oil  is  added  to  a 
mineral  oil,  its  coefficient  of  friction  will  be  reduced  even  though  the 
viscosity  is  unchanged.  The  ability  of  an  oil  to  provide  a  lower  coefficient 
of  friction  at  a  given  viscosity  is  often  called  its  oiliness  or  lubricity. 
When  fatty  oil  is  added  to  obtain  this  quality  of  oiliness,  the  lubricant  is 
called  a  compounded  oil.  Fatty  oil  adheres  to  metal  more  strongly  than 
mineral  oil  and  provides  a  protective  film.  Compounded  oils  are  generally 
used  in  worm  gears. 

Antiwear  agents 

73.  Fatty  acids  that  cause  an  oil  to  resist  wear  by  coating  the  metal 
surfaces  with  a  layer  of  the  added  compound  are  called  antiwear  agents. 
Molecules  of  the  compound  are  polar  and  attach  (adsorb)  themselves  to  metal 


26 


surfaces  or  react  mildly  with  the  metal.  When  boundary  wear  (direct  contact 
between  metal  asperities)  occurs,  these  molecules  resist  removal  more  than 
ordinary  oil  molecules.  This  reduces  friction  and  wear.  However,  they  are 
effective  only  up  to  about  480°  F  (250°  C). 

Extreme  pressure  agents 

74.  Extreme  pressure  agents  react  with  the  metal  surfaces  to  form 
compounds  that  have  a  lower  shear  modulus  than  the  metal.  This  reduces  fric¬ 
tion,  wear,  and  possible  galling.  The  reaction  is  initiated  by  increased 
temperature  caused  by  pressure  between  asperities  on  wearing  surfaces. 
Consequently,  the  reaction  creates  a  protective  coating  at  precisely  the 
points  where  protection  is  required.  Extreme  pressure  additives  are  used  in 
cases  of  heavy  loading  or  shock  loading. 

Pour  point  depressants 

75.  An  oil's  pour  point  is  the  temperature  at  which  an  oil  ceases  to 
flow  under  the  influence  of  gravity.  In  cold  weather,  oil  with  a  high  pour 
point  makes  machinery  startup  difficult,  if  not  impossible.  The  stiffness 
of  cold  oil  is  due  to  paraffin  waxes  that  tend  to  form  crystallike 
structures.  Added  polymethacrylates  will  modify  the  crystallike  structure 
and  reduce  the  pour  point. 

Viscosity  index  (VI)  improvers 

76.  The  viscosity  index  is  an  indicator  of  the  increase  or  decrease  in 
viscosity  as  the  temperature  is  changed  by  a  given  amount.  The  higher  the 
VI,  the  less  the  viscosity  of  an  oil  changes  for  a  given  temperature 
change.  Thus,  viscosity  index  improvers  raise  the  index.  These  improvers 
have  long  chain  molecules  that  coil  up  when  cold  and  have  little  effect  on 
the  viscosity  of  thin  oil.  When  heated,  they  uncoil  and  interact  with  the 
oil  to  increase  viscosity.  A  thin  oil  required  for  cold  weather  operation 

is  too  thin  for  proper  lubrication  at  high  temperatures.  The  improver 
increases  viscosity  at  higher  temperatures.  The  overall  effect  is  less 
change  in  viscosity  for  a  given  change  in  temperature. 

Tackiness  agents 

77.  In  some  cases,  an  oil  must  adhere  to  surfaces  extremely  well. 

Adding  polymers  composed  of  long  chain  molecules  or  aluminum  soaps  of  long 
chain  fatty  acids  increases  the  tackiness  or  adhesiveness  of  an  oil. 
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Synthetic  Oils 

78.  Only  a  few  synthetic  oils  were  listed  in  the  lubricant  survey  con¬ 
ducted  during  this  research.  Although  there  is  no  widespread  preference  for 
these  lubricants,  they  have  characteristics  that  are  superior  to  ordinary 
mineral  oils.  Consequently,  it  would  not  be  surprising  if  a  manufacturer 
recommended  synthetic  oil  in  special  cases. 

79.  Synthetics  perform  better  than  mineral  oils  in  the  following 
respects: 

a.  Better  oxidation  stability  or  resistance. 

b.  Better  viscosity  index. 

c.  Much  lower  pour  point,  as  low  as  -50°  F  (-9°  C). 

d.  Lower  coefficient  of  friction. 

80.  These  features  are  most  valuable  at  either  very  low  or  very  high 
temperatures.  Good  oxidation  stability  and  a  lower  coefficient  of  friction 
permits  operation  at  higher  temperatures.  The  better  viscosity  index  and 
lower  pour  points  permit  operation  at  lower  temperatures. 

81.  The  greatest  drawback  to  using  synthetics  is  their  higher  cost. 
Some  people  in  the  oil  industry  believe  there  is  no  cost  justification  for 
using  synthetics  between  32°  F  (0°  C)  and  350°  F  (175°  C). 

Greases 


Description  of  grease  and  grease  lubrication 

82.  Grease  is  not  just  a  very  thick  oil,  it  is  a  mixture  of  a  fluid 
lubricant,  a  thickener,  and  other  additives.  The  fluid  in  99  percent  of 
grease  products  is  a  mineral  oil.  Thickeners  are  usually  soaps.  Although 
these  are  the  most  common  ingredients,  other  ingredients  used  are  listed  in 
Table  2. 

83.  Grease  and  oil  cannot  be  substituted.  Machinery  designed  for  use 
with  oil  requires  a  costly  system  to  keep  the  oil  distributed  on  lubricated 
surfaces.  Grease,  by  virtue  of  its  rigidity,  tends  to  stay  in  place  with  less 
costly  retention  devices.  However,  grease  does  not  dissipate  heat  as  well  as 
oil,  nor  does  it  carry  away  contaminants  by  circulation  like  oil.  The  choice 
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of  an  appropriate  Lubricant  depends  on  the  operating  temperature  and  the 
machinery  design. 

84.  The  thickeners  in  grease  do  not  provide  lubrication  but  they  help 
the  Lubricant  stay  in  place.  Grease  functions  in  the  following  three  ways: 

a.  Serves  as  a  reservoir  that  releases  a  lubricating  film  to  the 
wearing  surfaces. 

b.  Acts  as  a  seal  to  prevent  the  lubricant  from  running  off  the 
wearing  surfaces. 

c.  Serves  as  a  temperature-regulated  feeding  device.  If  the  film 
between  wearing  surfaces  thins,  the  resulting  heat  will  soften 
the  adjacent  grease  which  will  expand  to  restore  the  film. 

85.  Grease  performs  somewhat  like  a  liquid  and  somewhat  like  a  soft 
solid.  Grease  offers  a  resistance  to  flow,  but  once  moving  and  being  sheared 
between  wearing  surfaces,  this  resistance  to  flow  is  reduced.  The  amount  of 
reduction  depends  mostly  on  the  viscosity  of  the  oil  in  the  grease. 

86.  The  use  of  grease  as  a  lubricant  has  limitations.  For  example,  in 
hydrodynamic  lubrication,  the  wearing  surfaces  do  not  meet  except  at  startup; 
wear  is  minimal.  Because  this  method  of  lubrication  requires  a  fluid  lubri¬ 
cant,  grease  cannot  be  used.  Another  limitation  is  that  because  grease  is  not 
fluid,  it  cannot  dissipate  heat  through  convection.  Thus,  it  invites  heating 
especially  at  high  speeds  where  its  use  is  limited. 

Penetration  and  NLGI  (National  Lubricating 
Grease  Institute)  numbers 

87.  Because  the  most  important  feature  of  a  grease  is  its  rigidity  (or 
consistency),  a  method  to  measure  this  quality  is  needed.  The  measure  of 
consistency  is  called  penetration.  To  measure  penetration,  a  cone  of  given 
weight  is  alLowed  to  sink  into  a  grease  for  5  seconds  at  a  standard  tempera¬ 
ture  of  77°  F  (25°  C).  The  depth  in  millimeters  to  which  the  cone  sinks  is 
the  penetration  of  the  grease.  A  low  penetration  means  the  grease  is  hard.  A 
penetration  of  100  millimeters  would  represent  a  very  hard  grease  while  one  of 
450  millimeters  would  be  very  soft.  Table  3  lists  the  NLGI  grease  classifi¬ 
cations  . 

Bleeding 

88.  Bleeding  is  a  condition  when  the  oil  in  a  grease  separates  from  the 
soap  thickener.  It  is  induced  by  higher  temperatures  but  it  also  occurs 
during  long  storage  periods. 
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Temperature  effects 

89.  High  temperatures  are  more  harmful  to  grease  than  to  oil.  Grease 
lubrication  depends  on  the  grease's  consistency  to  hold  it  in  place.  High 
temperatures  induce  softening  and  bleeding  (separation  of  the  oil).  Also,  the 
oil  in  grease  may  flash,  burn,  or  evaporate  at  temperatures  above  350°  F 
(175°  C).  Some  grease,  calcium  soap  grease  for  example,  contains  a  small 
amount  of  water  that  provides  a  thickener  structure.  Temperatures  above  165 
to  175°  F  (73  to  79°  C)  will  result  in  dehydration  and  loss  of  structure. 

90.  A  second  harmful  factor  related  to  high  temperature  is  excessive 
oxidation.  Since  grease  is  a  soft  solid  it  cannot  dissipate  heat  by 
convection  like  a  circulating  oil.  Consequently,  if  a  small  hot  point  exists, 
the  heat  is  not  carried  away  and  the  excessive  temperature  can  cause  oxidation 
or  even  carbonization.  The  grease  can  harden  or  form  a  crust. 

91.  If  the  temperature  of  a  grease  is  lowered  enough,  it  will  become  so 
viscous  that  it  can  be  classified  as  a  hard  grease.  Machinery  operation  may 
become  impossible.  The  temperature  at  which  this  occurs  depends  on  the  shape 
of  the  lubricated  part  and  the  power  being  supplied  to  it.  Producers'  speci¬ 
fications  seldom  indicate  the  lowest  operating  temperature,  but  the  maximum 
operating  temperature  is  either  given  on  the  container  or  can  be  obtained  upon 
request . 

Propping  point 

92.  As  the  temperature  of  a  grease  increases,  the  penetration  increases 
only  modestly  until  a  point  is  reached  where  the  grease  quickly  liquifies  and 
the  desired  consistency  is  lost.  The  temperature  at  which  this  occurs  is 
called  the  dropping  point.  It  is  possible  that  the  grease  will  not  regain  its 
original  structure  after  cooling.  The  dropping  point  is  not  the  maximum 
temperature  at  which  a  grease  may  be  used.  The  maximum  operating  temperature 
is  below  the  dropping  point.  Appendix  B  lists  the  dropping  points,  maximum 
usable  temperatures,  and  other  information  on  greases. 

Effects  of  water 

93.  Grease  is  affected  by  water  to  the  extent  that  a  soap/water  lather 
may  suspend  the  oil  in  the  grease.  Sodium  greases  change  the  most;  calcium 
and  lithium  greases  change  the  least.  Calcium,  lithium,  and  aluminum  soaps 
are  water  insoluble,  but  as  a  grease  is  worked  during  lubrication,  some  of  the 
oil  and  soap  may  become  emulsified  and  wash  away. 
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Shear  stability 

94.  As  a  grease  is  mechanically  worked  or  sheared  between  wearing  sur¬ 
faces,  the  consistency  may  change.  The  ability  of  a  grease  to  maintain  its 
consistency  when  worked  is  called  its  shear  stability  or  its  work  stability. 
Pumpability  and  slumpability 

95.  Pumpability  refers  to  the  ability  of  a  grease  to  be  pumped  or  pushed 
through  a  system  while  slumpability  or  feedability  refers  to  its  ability  to  be 
drawn  into  (sucked  into)  a  pump.  Fibrous  greases  tend  to  have  good  feeda¬ 
bility  but  poor  pumpability.  Buttery-type  greases  tend  to  behave  conversely; 
good  pumpability  but  poor  feedability. 

Migration 

96.  The  oil  in  a  grease  can  migrate  through  the  thickener  network  under 
certain  circumstances.  If  grease  is  pumped  though  a  pipe,  as  in  a  centralized 
lubrication  system,  and  encounters  a  resistance  to  the  flow,  the  grease  may 
form  a  plug.  In  this  case,  the  oil  may  continue  to  flow  and  migrate  through 
the  thickener  network.  This  separation  of  the  oil  from  the  thickeners  results 
in  increased  plugging. 

97.  If  two  different  greases  are  in  contact,  the  oils  may  migrate  from 

one  grease  to  the  other  and  change  the  structure  of  the  grease.  Therefore,  it 

is  unwise  to  mix  two  greases.  Although  greases  are  compatible  in  many  cases, 
this  is  not  always  true.  If  a  grease  must  be  replaced,  the  old  grease  should 
be  removed  as  much  as  possible. 

Contaminants 

98.  Greases  tend  to  hold  solid  contaminants  on  their  outer  surfaces  and 

protect  lubricated  surfaces  from  wear.  If  the  contamination  becomes  excessive 

or  eventually  works  its  way  down  to  the  lubricated  surfaces,  the  reverse 

occurs;  the  grease  retains  abrasive  materials  at  the  lubricated  surface  and 
invites  wear. 

Complexes 

99.  A  "complex"  grease  is  made  from  a  salt  of  the  named  metal  instead  of 
the  hydroxide  of  the  metal.  This  method  provides  added  wear  resistance. 
Generally  grease  prepared  by  this  method  is  referred  to  as  multipurpose 
grease . 
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Calcium  grease 

100.  Calcium  grease,  or  lime  grease,  is  one  of  the  oldest  grease  prepa¬ 
rations.  It  is  prepared  from  inedible  tallow  or  animal  fat  and  a  small  amount 
of  water  (about  3  percent).  The  water  is  required  to  modify  the  soap 
structure  so  it  can  absorb  mineral  oil.  Thus  calcium  grease  is  sensitive  to 
elevated  temperature.  At  temperatures  above  160  to  175°  F  (70  to  79°  C), 
dehydration  occurs  and  the  structure  is  lost.  In  spite  of  the  temperature 
limitations,  lime  grease  has  good  water-resistance  qualities  and  is  still  used 
today.  If  a  calcium  grease  is  prepared  from  12-hydroxystearic  acid,  the  upper 
temperature  limit  is  raised  into  the  230°  F  (109°  C)  range. 

101.  Calcium  complex  greases,  prepared  by  adding  the  salt  calcium 
acetate,  provide  extreme  pressure  characteristics  without  the  use  of  an 
additive;  however,  EP  additives  may  be  included  anyway.  Dropping  points  as 
high  as  500°  F  (257°  C)  can  be  obtained  and  the  maximum  usable  temperature 
can  be  increased  to  approximately  350°  F  (175°  C). 

102.  Due  to  the  good  water-resistance  qualities  and  relatively  low  cost, 
normal  (not  complex)  lime  grease  is  used  where  water  is  present  and 
operating  temperatures  are  low.  Of  course,  a  calcium  complex  grease  would 
perform  at  higher  temperatures  but  the  water  resistance  is  less  than  that  of 
lime  preparations  and  the  cost  is  higher.  Rust  and  oxidation  resistance  in 
calcium  complex  grease  is  poor,  but  it  can  be  improved  with  inhibitors. 

103.  Calcium  greases  are  not  widely  used  at  Corps  hydraulic  installa¬ 
tions;  only  three  instances  were  reported. 

Sodium  grease 

10A.  Sodium  grease  was  developed  to  overcome  the  disadvantage  of  a  low 
required  operating  temperature  for  calcium  grease.  Essentially,  it  is  the 
opposite  of  calcium  grease;  it  can  be  used  at  temperatures  up  to  250°  F 
(120°  C)  but  is  very  susceptible  to  the  effects  of  water.  Sodium  is 
sometimes  mixed  with  other  metals,  especially  calcium,  to  improve  water 
resistance.  In  spite  of  the  declining  use  of  sodium  grease,  it  is  still 
recommended  for  use  in  certain  heavy-duty  applications  and  in  some  well  - 
sealed  electric  motors. 

105.  Although  none  of  the  surveyed  Corps  hydraulic  installations 
reported  using  sodium  grease,  two  installations  reported  using  sodium- 
calcium  grease. 
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Soap  Thickeners 


106.  The  characteristics  of  grease  (excluding  the  additive  effects) 
depend  to  a  large  extent  on  the  included  soap  (Table  4).  Soap  thickeners  do 
more  than  provide  consistency  to  grease.  They  may  affect  the  amount  of  an 
additive  required  to  obtain  a  desired  quality  or  they  may  impart  a  desired 
quality  due  to  their  presence  alone.  Therefore,  it  is  important  when 
selecting  a  grease  to  be  aware  of  the  influences  of  soaps. 

Description  of  soap 

107.  Soap  is  created  when  a  long-chain  fatty  acid  reacts  with  a  metal 
hydroxide.  The  metal  is  incorporated  into  the  long  carbon  chain  and  the 
resultant  compound  develops  a  polarity.  The  polar  molecules  tend  to  form  a 
fibrous  network  that  holds  the  oil.  Thus,  a  somewhat  rigid  material,  or 
gel,  is  developed.  Of  course,  when  soap  and  oil  are  combined  to  form 
grease,  concentration  of  the  soap  can  be  varied  to  obtain  different  grease 
thicknesses.  Furthermore,  the  viscosity  of  the  oil  will  also  affect  the 
thickness  of  the  grease. 

Conventions  in  naming  soaps 

108.  The  most  common  method  of  designating  a  soap  thickener  is  to  use 
the  metal  from  which  the  soap  is  prepared  (calcium,  lithium,  etc.).  Because 
soap  qualities  are  also  determined  by  the  fatty  acid  from  which  the  soap  is 
prepared,  not  all  greases  made  from  soaps  containing  the  same  metals  are 
identical . 

Aluminum  soaps 

109.  Normal  aluminum  grease  is  clear  and  somewhat  stringy.  When  heated, 
this  stringiness  increases,  producing  a  rubberlike  substance  that  pulls  away 
from  metal  surfaces  and  reduces  lubrication.  Because  of  this  quality, 
operating  temperatures  are  limited  to  less  than  175°  F  (79°  C).  Aluminum 
grease  has  good  water  resistance  and  inhibits  rust  without  additives,  but  it 
tends  to  be  short  lived  and  has  relatively  poor  shear  stability. 

110.  Aluminum  complex  grease  is  comparable  to  other  complex  greases  but 
is  not  widely  used.  However,  several  Corps  hydraulic  installations  reported 
using  aluminum  complex  grease. 
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Lithium  soaps 

111.  Compared  to  other  soaps,  lithium  is  by  far  the  most  popular.  The 
normal  grease  contains  lithium  12-hydroxystearate.  This  grease  has  a  dropping 
point  around  400°  F  (202°  C)  and  can  be  used  at  temperatures  up  to  about 

275°  F  (134°  C).  It  can  also  be  used  at  temperatures  well  below  zero.  It  has 
good  shear  stability  and  a  relatively  low  coefficient  of  friction,  which 
permits  higher  speeds.  It  has  good  water  resistance,  although  not  as  good  as 
calcium  or  aluminum.  Its  greatest  disadvantage  is  that  it  does  not  naturally 
inhibit  rust,  but  rust  prevention  can  be  obtained  through  additives. 

112.  Complexed  lithium  grease  is  generally  considered  to  be  the  nearest 
thing  to  a  truly  multipurpose  grease  and  is  used  extensively  at  Corps 
hydraulic  installations. 

Other  soaps 

113.  Barium  and  lead  soaps  are  also  used  in  grease.  Although  lead 
provides  extreme  pressure  characteristics  without  additives,  concerns  with 
lead  toxicity  probably  will  reduce  use. 

Other  Thickeners 


114.  As  indicated  by  Table  2,  thickeners  other  than  soaps  are  available. 
Although  most  of  these  are  restricted  to  very  special  applications,  two  are 
worthy  of  mention.  Polyurea  grease  has  outstanding  resistance  to  oxidation 
because  it  contains  no  metal  soaps  that  tend  to  invite  oxidation.  The  drop¬ 
ping  point  and  maximum  operating  temperature  are  close  to  those  of  multipur¬ 
pose  greases  but  the  shear  stability  is  poor  and  rust  inhibitors  are  required. 
It  is  generally  used  with  all  types  of  bearings  but  has  been  particularly 
effective  in  ball  bearings. 

115.  Organo  clay  grease  has  outstanding  temperature  resistance.  The 
maximum  operating  temperature  for  this  grease  is  limited  by  the  included  oil 
which  can  flash,  evaporate,  or  burn  at  temperatures  above  350°  F  (175°  C). 
However,  many  of  the  multipurpose  greases  may  be  operated  above  this  tempera¬ 
ture  for  short  periods  if  the  grease  is  changed  after  an  hour  or  so.  The 
limiting  factor  then  becomes  the  dropping  point.  Since  clay  does  not  melt  at 
low  temperatures,  it  can  be  used  at  temperatures  near  500°  F  (257°  C)  for 
short  periods.  Organo  clay  grease  also  has  excellent  water  resistance  but  in 
other  respects  it  does  not  perform  better  than  other  greases. 
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PART  IV:  SELECTING  LUBRICANTS 


Classifications  and  Specifications 


116.  The  fundamental  key  to  selecting  a  lubricant  lies  in  being  able  to 
interpret  what  the  producer  says  about  the  product  and  being  aware  of  con¬ 
ventions  in  classifying  oils.  Without  such  a  background,  it  is  virtually 
impossible  to  make  a  reasonable  selection  or  substitution. 

117.  Professional  societies  and  organizations  have  established  classifi¬ 
cations  for  oil  and  grease.  The  most  widely  encountered  systems  are  those  of 
the  following  organizations: 

•  SAE  (Society  of  American  Engineers) 

•  ACMA  (American  Gear  Manufacturers  Association) 

•  ISO  (International  Standards  Organization) 

•  NLGI  (National  Lubricating  Grease  Institute) 

Oil  classification 

118.  Oil  is  normally  classified  by  viscosity  grade,  additives,  use,  as 
nonspecial ized ,  or  by  the  producer's  brand  name. 

a.  Classification  by  viscosity  grade.  This  classification  is  the 
most  common  method  of  describing  an  oil.  The  most  common 
classification  systems  are  those  of  the  SAE,  AGMA,  and  ISO. 

Each  organization  uses  a  different  kinematic  viscosity  range 
numbering  system.  Appendix  A  lists  these  systems  and  contains 
a  conversion  chart. 

b.  Oil  classification  by  additives.  Oil  may  be  further  classi¬ 
fied  by  the  additives  as  follows: 

•  Inhibited  or  R&O  (rust  and  oxidation  inhibited) 

•  AW  (anti wear) 

•  EP  (extreme  pressure) 

•  Compounded 

•  Residual 

(1)  The  first  three  classes  require  no  explanation;  they 
contain  the  indicated  additives.  Compounded  oil  contains 
from  3  to  10  percent  of  an  acidless  animal  fat  or 
tallow.  It  is  also  called  steam  cylinder  oil.  The  added 
fat  reduces  the  coefficient  of  friction  in  situations 
where  an  extreme  amount  of  sliding  friction  occurs.  A 
very  common  use  would  be  in  worm  gear  systems.  Com¬ 
pounded  oil  may  be  composed  of  either  a  normal  mineral 
oil  or  a  residual  oil  depending  on  the  desired  viscosity. 

(2)  Residual  oil  is  that  which  remained  as  residuum  after  the 
lighter  oil  was  distilled  off  during  refining.  It 
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contains  a  relatively  high  proportion  of  asphalt  which 
makes  it  adhesive.  It  is  often  used  for  open  gear 
systems  (tackiness  agents  are  added  to  increase  adhe¬ 
sion).  Often,  open  gear  compounded  oil  is  so  heavy  a 
solvent  is  required  to  soften  it  for  application.  (The 
solvent  evaporates  after  application.)  This  heavy  oil 
should  not  be  confused  with  grease.  Residual  oil  with 
lower  viscosity  is  also  used  in  many  closed  gear 
systems.  Compounded  oil  may  contain  residual  oil  if  the 
desired  viscosity  is  high. 

c.  Classification  by  use.  Classification  according  to  use  arises 
because  refining,  additives,  and  type  of  petroleum  (paraffinic 
or  naphthenic)  may  be  varied  to  provide  desirable  qualities 
for  a  given  application.  Some  of  the  more  common  uses  are: 

•  Engine  oils 

•  Marine  engine  oils 

•  Aircraft  oils 

•  Quench  oils  (used  in  metal  working) 

•  Cutting  oils  (coolants  for  metal  cutting) 

•  Paper  machine  oils 

•  No-drip-oils  (textile  and  food  handling  machinery) 

•  Insulating  oils 

•  Way  oils 

•  Wire  rope  or  chain  lubricants 

Some  of  these  are  very  specialized  oils  and  only  two, 
insulating  oils  and  wire  rope  or  chain  lubricants,  have  been 
identified  at  Corps  hydraulic  installations.  Of  course, 
engine  oils  are  used  in  automotive  applications. 

d.  Nonspecial ized  industrial  oil.  It  is  difficult  to  find  a 
specific  name  in  petroleum  terminology  to  refer  to  this 
category.  Consequently,  this  term  has  been  selected  to 
describe  those  oils  which  are  not  formulated  for  a  special 
application.  (Producer  literature  often  uses  the  term  general 
purpose  oil.)  Nonspecialized  industrial  oil  is  generally 
divided  into  two  categories:  general  purpose  and  EP  gear 
oils . 

(1)  General  purpose  oils  contain  R&O  additives,  AW  agents, 
antifoamants ,  and  demulsifiers.  They  may  be  used  in 
almost  any  mechanical  application  if  a  specialized  oil  is 
not  required.  Their  ISO  viscosity  ranges  from  about  32 
to  around  460.  These  oils  are  often  referred  to  as  R&O 
oils  or  hydraulic  oils  even  though  they  may  contain  other 
additives  and  are  not  intended  exclusively  for  hydraulic 
use.  Some  of  these  oils  are  more  highly  refined  and 
provide  longer  life  and  better  performance  than  others. 
These  are  usually  referred  to  as  turbine  oils  or  premium 
grades.  Although  used  in  turbines,  the  name  turbine  oil 
does  not  mean  it  is  restricted  to  use  in  turbines;  it 
refers  to  the  quality  of  the  oil. 
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(2)  EP  gear  oils  generally  have  a  higher  viscosity  range, 
from  about  ISO  grade  68  to  around  1,500.  These  may  be 
regarded  as  general  purpose  oils  wish  EP  additives. 
Although  these  oils  are  probably  more  commonly  used  in 
gear  systems,  they  can  be  used  in  any  application  where 
their  viscosity  range  and  additives  are  required.  Gear 
oils  should  not  be  confused  with  SAE  gear  oils  which  are 
formulated  differently  and  are  not  discussed  in  this 
study. 

e.  Producer  brand  names.  Oil  producers  often  identify  their 

products  by  whimsicaL  names  which  may  or  may  not  indicate  one 
of  the  standard  class! f  i cat  ions  .  TriboL  771,  a  product  of 
Imperial  Oil  and  Grease  Company,  tells  nothing  of  its  class, 
but  Conoco 1 s  Dectol  R&O  Oil  32  indicates  "t  is  an  R&O  oil  with 
an  ISO  viscosity  of  32.  Regardless  of  how  much  information 
may  be  reflected  in  the  brand  nine,  it  ij  never  enough  to  make 
a  selection.  A  user  must  refer  to  information  brochures 
provided  by  producers  to  determine  the  intended  use,  addi¬ 
tives,  and  specifications. 

Producers'  oil  brochures  and  specifications 

119.  Oil  producers  provide  product  information  in  brochures,  booklets, 
or  on  the  oil  container.  Although  the.  amount  of  information  varies,  the 
format  generally  includes  the  intended  use,  the  additives  and  oil  type  ( i .  e . , 
paraffinic,  naphthenic,  synthetic,  compounded,  etc.),  and  the  specifications. 

120.  Some  producers  may  identify  the  product  by  its  usage  classification 
although  they  may  not  use  the  same  names  given  in  this  report.  Others  may 
simply  give  the  machinery  cLasses  where  the  product  can  be  used.  Often,  both 
methods  of  identification  are  used.  (See  the  three  fact  sheets  for  Conoco's 
Redind,  Dectol,  and  Turbine  oils  in  Appendix  C.)  Intended  use  can  be 
misleading.  All  three  of  the  Conoco  oils  can  be  used  for  electric  motors  and 
generaL  purpose  applications,  but  not  all  three  are  to  be  used  throughout  the 
machinery.  Redind  oil  contains  no  oxidation  inhibitors  and  is  intended  for 

use  where  the  oil  is  frequently  replaced.  The  Dectol  line  is  an  R&O  oil  with 
the  usual  antifoaming  and  demulsifying  agents.  AW  agents  are  al;o  included. 

The  Turbine  oil  is  similar  to  Dectol  except  that  the  refining  method  and 
additive  package  provide  greater  protection.  One  Turbine  viscosity  grade,  ISO 
32,  is  treated  to  resist  the  effects  of  hydrogen  used  as  a  coolant  in 
generators . 

121.  Producers  do  not  usually  list  additives  Instead,  they  indicate 
characteristics  such  as  good  antiwear  qualities,  good  water  resistance,  or 
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good  oxidation  resistance.  The  user  can  assume  that  since  oil  does  not 
naturally  have  such  qualities  to  a  desirable  extent,  an  agent  has  been  added 
to  obtain  the  given  quality.  Product  literature  also  gives  the  oil  type 
(i.e.,  paraffinic,  naphthenic,  residual,  compounded,  or  synthetic). 

Producer  specifications 

122.  Producer  specifications  amount  to  a  certification  that  the  product 
meets  or  exceeds  listed  physical  characteristics  in  terms  of  specific  test 
values.  The  magnitude  of  chemical  impurities  may  also  be  given.  Producers 
vary  somewhat  in  the  amount  of  information  in  their  specifications.  However, 
kinematic  viscosity  (centistokes)  at  104  and  212°  F  (40  and  100“  C),  S US 
(saybolt  viscosity)  at  100  and  210°  F  (37  and  98°  C),  API  gravity,  pour  point, 
and  flash  point  are  generally  listed.  Other  physical  and  chemical  measure¬ 
ments  may  also  be  given  if  they  are  considered  to  influence  the  intended 

use.  Appendix  C  contains  typical  specifications  for  oils. 

Grease  classifications 

123.  Grease  is  classified  by  penetration  number  and  by  soap  or  other 
thickener.  Penetration  classifications  have  been  established  by  NLGI  and  are 
given  in  Appendix  A.  ASTM  test  D  217  is  the  standard  for  performing  penetra¬ 
tion  tests.  A  penetration  number  indicates  how  easily  a  grease  can  be  fed  to 
lubricated  surfaces  (pumpability)  or  how  well  it  remains  in  place.  Although 
no  method  exists  to  classify  soap  thickener,  the  producer  indicates  which  soap 
is  in  the  product.  The  soap  thickener  indicates  probable  water  resistance  and 
maximum  operating  temperature  and  gives  some  idea  of  pumpability.  Although 
these  are  important  factors,  they  are  not  the  only  ones  of  interest.  These 
simple  classifications  should  be  regarded  as  starting  requirements  to  deter¬ 
mine  a  group  of  appropriate  grease  types.  The  final  selection  must  be  made  on 
the  basis  of  other  information  provided  in  the  producer's  specifications. 
Viscosity  of  the  oil  included  in  a  grease  must  also  be  considered. 

Producer  grease  brochures 

124.  Producers  also  provide  information  and  specifications  for  grease. 
Grease  specifications  normally  include  soap  thickener,  penetration,  included 
oil  viscosity,  and  dropping  point.  The  producer  may  also  include  water 
washout  or  wear  test  information. 

125.  Grease  additives  are  not  usually  given  unless  solid  additives  such 
as  molybdenum  disulfide  or  graphite  are  included.  If  solid  additives  are 
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used,  the  producer  wiLL  often  state  this  emphatically  and  the  product  name 
may  indicate  the  additive. 


Principles  of  Selection 
Manufacturer  recommendations 

126.  Selecting  a  lubricant  is  not  a  straightforward  singular  act;  it  is 
a  combination  of  approaches  that  have  developed  over  time.  The  prime  con¬ 
siderations  are  film  thickness  and  wear.  Although  film  thickness  can  be 
calculated,  the  wear  properties  associated  with  different  lubricants  are 

more  difficult  to  assess.  Lubricants  are  normally  tested  by  subjecting  them 
to  various  types  of  physical  stress.  However,  these  tests  do  not  completely 
indicate  how  a  lubricant  will  perform  in  service.  Experience  has  probably 
played  a  larger  role  than  any  other  single  criterion.  Machine  manufacturers 
have  learned  which  classes  of  lubricants  will  perform  well  in  their 
products . 

127.  Professional  societies  have  established  specifications  and  classi¬ 
fications  for  lubricants  to  be  used  in  a  given  mechanical  application.  For 
example,  the  AGMA  has  established  specifications  250.04  and  251.02  for 
enclosed  and  open  gear  systems,  respectively.  Such  specifications  have  been 
developed  from  the  experience  of  the  society's  membership  for  a  wide  range 

of  applications.  Thus,  any  manufacturer  has  access  to  the  collective 
knowledge  of  many  contributors. 

128.  The  manufacturer's  recommendation  should  not  necessarily  be  con¬ 
sidered  the  best  selection.  The  concept  of  best  selection  is  unrealistic. 

In  spite  of  a  consensus  regarding  what  lubricant  to  use  in  a  given  applica¬ 
tion,  individual  manufacturers  may  have  different  opinions  based  on  their 
experience  and  equipment  design.  However,  the  manufacturer  is  probably  in 
the  best  position  to  recommend  a  lubricant.  This  recommendation  should  be 
followed  unless  it  fails  to  perform  satisfactorily. 

129.  A  manufacturer  generally  does  not  recommend  a  single  specific  brand 
name.  Physical  qualities  (such  as  viscosity  or  penetration  number),  chemi¬ 
cal  qualities  (such  as  paraffinic  or  naphthenic  oils),  or  test  standards  are 
specified.  However,  a  number  of  brands  that  meet  the  manufacturer's  speci¬ 
fications  may  be  cited. 
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Producer  recommendations 


130.  Since  manufacturers  specify  appropriate  lubricants  for  their 
products  in  terms  of  specifications  or  required  qualities  rather  than  par¬ 
ticular  brand  names,  the  user  is  faced  with  identifying  which  brands  meet 
the  requirements.  By  following  directions  given  in  Part  IV,  the  user  should 
be  able  to  identify  appropriate  products.  However,  it  is  better  to  consult 
with  the  lubricant  producer  to  obtain  advice  on  which  products  most  closely 
meet  the  specifications. 

131.  Many  lubricant  producers  maintain  technical  staffs  (product 
engineers)  to  advise  users  in  selecting  lubricants  and  answer  technical 
questions  regarding  lubricants.  Given  a  manufacturer's  description  and 
lubricant  specification,  product  engineers  can  identify  which  of  their 
company's  lubricants  meet  the  manufacturer's  specifications.  A  producer  may 
carry  several  products  that  meet  specifications,  but  one  might  be  of  premium 
quality  and  carry  a  higher  price  or  be  intended  for  some  special  use  that 
would  not  be  of  benefit  to  the  user.  Furthermore,  the  user  might  be 
operating  the  equipment  under  unusual  or  unique  circumstances  that  could 
impose  additional  requirements  unforeseen  by  the  manufacturer.  In  effect, 
the  product  engineer  converts  the  manufacturer's  specifications  into  an 
appropriate  brand  based  on  the  user's  specific  circumstances. 

132.  The  producer  not  only  supplies  lubricants,  but  serves  as  an  impor¬ 
tant  link  between  the  equipment  manufacturer  and  user.  In  effect,  the 
producer  interprets  the  manufacturer's  intentions  and  provides  advice  when 
specifications  are  absent  or  when  a  lubricant  does  not  perform  satisfactorily. 
User  selection 

133.  The  user  should  ensure  that  certain  criteria  are  met  regardless  of 
who  makes  the  selection.  The  selection  should  be  in  the  class  recommended  by 
the  machinery  manufacturer  (i.e.,  R&0,  EP,  etc.)  and  be  in  the  same  base  stock 
category  (paraffinic,  naphthenic,  or  special  synthetic).  Furthermore, 
physical  and  chemical  properties  should  be  equal  to  or  better  than  those 
specified  by  the  manufacturer.  Viscosity  should  be  exactly  the  recommended 
grade.  If  a  recommendation  seems  unreasonable,  the  user  should  question  the 
suitability  of  the  manufacturer's  recommendation  or  ask  a  different  lubricant 
producer  for  a  recommendation. 
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134.  Generally,  the  user  should  follow  the  manufacturer's  specification. 
If  che  manufacturer's  specifications  are  not  available,  which  lubricant  was  in 
use?  Did  it  perform  satisfactorily?  If  it  performed  well,  continue  to  use 
the  same  brand.  If  that  is  not  feasible,  select  a  brand  with  specifications 
equal  to  or  better  than  those  of  the  brand  previously  used.  If  a  previous 
lubricant  performed  poorly,  it  is  probably  best  to  rely  on  the  recommendation 
of  a  product  engineer  or  possibly  get  several  recommendations. 

135.  Generally,  the  user  will  make  a  selection  in  either  of  two  possible 
situations : 

a.  He  will  substitute  a  new  brand  for  one  previously  in  use. 

b.  He  will  select  a  brand  that  meets  the  manufacturer's  specifi¬ 
cations.  This  will  be  accomplished  by  comparing  producer's 
specifications  with  those  of  the  manufacturer. 

136.  In  either  case,  the  selection  starts  by  using  a  substitution  list. 
Most  lubricant  producers  maintain  such  a  tabluation  but  use  different  names. 

A  substitution  list  usually  gives  the  products  of  major  producers  and  an 
equivalent  lubricant  of  the  publishing  producer  which  he  maintains  has 
comparable  specif ications . 

137.  Substitution  lists  are  useful  but  they  have  their  limitations.  They 
are  not  subdivided  by  classes  of  lubricants.  Furthermore,  it  is  difficult  to 

do  more  than  compare  a  lubricant  of  one  producer  with  one  given  by  the  pub¬ 
lishing  producer.  For  example,  a  Conoco  substitution  list  can  be  used  to 
compare  Quaker  State  products  with  Conoco  or  Shell  with  Conoco,  but  comparing 
Quaker  State  and  Shell  cannot  be  done  unless  Conoco  has  a  product  equivalent 
to  products  of  both  Quaker  State  and  Shell.  A  user  would  need  substitution 
lists  from  many  producers  to  be  able  to  effectively  select  more  than  one 
option.  Many  producers  claim  they  do  not  have  a  list  or  are  reluctant  to 
provide  it. 

138.  The  publishers  of  Plant  Engineering  have  prepared  a  universal  list, 
the  PE  list.  The  PE  list  correlates  products  of  over  100  producers  by  class 

of  lubricant  (Appendix  D). 

139.  Although  substitution  lists  are  helpful,  they  cannot  solve  user's 
problems  in  making  a  selection.  A  substitution  list  is  valuable  because  it 
correlates  the  array  of  whimsical  brand  names  used  by  producers.  Furthermore, 
it  eliminates  producers  who  do  not  have  the  desired  product  in  their  line.  A 
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substitution  list  should  be  regarded  as  a  starting  tool  to  quickly  determine 
likely  products.  The  lists  do  not  imply  that  lubricants  listed  as  being 
equivalent  are  identical.  The  lists  do  indicate  that  the  two  lubricants  are 
in  the  same  class,  have  the  same  viscosity,  and  are  intended  for  the  same 
general  use.  Selection  must  finally  be  made  from  information  brochures 
provided  by  the  producers. 

140.  The  user  should  use  the  producer's  brochure  to  determine  the  fol¬ 
lowing: 

a.  The  viscosity  is  the  one  recommended  by  the  manufacturer  or  is 
the  same  as  a  previously  used  lubricant  that  performed  well. 
When  a  grease  is  considered,  the  viscosity  of  the  included  oil 
should  be  the  same  as  the  previous  lubricant. 

b.  The  intended  use  given  by  the  producer  corresponds  to  the 
application  in  which  the  lubricant  will  be  used. 

c.  The  class  of  lubricant  is  the  same  as  that  recommended  by  the 
manufacturer  or  the  same  as  a  previously  used  lubricant  that 
performed  well.  If  the  manufacturer  recommended  an  R&O  or  EP 
oil  or  a  lithium  No.  2  grease,  that  is  what  should  be  used. 

d.  The  specifications  should  be  equal  to  or  better  than  those 
recommended  by  the  manufacturer  or  those  of  a  previously  used 
lubricant  that  performed  well. 

e.  The  additives  should  perform  the  required  function  even  though 
the  additive  may  not  be  chemically  identical  in  several 
possible  lubricants. 

Using  the  PE  substitution  list 

141.  Each  class  on  the  PE  list  is  divided  by  horizontal  lines  and  is 
further  broken  into  viscosity  grades  under  the  column  marked  ISO  viscosity 
grade.  The  ISO  grading  system  is  most  common  for  industrial  oils.  Use 
Appendix  A  if  you  wish  to  convert  to  SAE  or  AGMA  equivalents.  The  column 
marked  Viscosity,  SUS  at  100°  F  (37°  C)  indicates  the  viscosity  range  in  SUS 
for  a  given  ISO  grade.  For  example,  the  viscosity  of  an  ISO  grade  150  can  be 
anywhere  between  135  and  165  SUS  at  100°  F  (37°  C).  The  viscosity  is  usually 
near  the  midpoint  (in  this  case  150  SUS).  The  numbers  in  the  PE  designation 
refer  to  the  midpoint  SUS.  Products  are  available  in  viscosities  not  given  on 
the  PE  list.  For  example,  Exxon's  Spartan  EP  line  has  viscosities  ranging 
from  ISO  68  to  2200,  not  just  the  ISO  68  and  320  given  in  the  PE  list.  The 
same  is  true  for  other  classes  in  the  PE  list. 
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142.  The  classes  of  oil  are  indicated  under  the  column  marked  Lubricant 
Type.  Three  of  the  classes,  fire  resistant  hydraulic  oil,  spindel  oil,  and 
way  oil  were  not  indicated  in  the  Corps  survey  as  being  used.  One  of  the  last 
three  classes  on  the  list  is  a  special  preparation  for  open  gears  and  the 
other  two  are  classes  of  grease. 

143.  The  remaining  four  classes  (hydraulic  and  general  purpose  oils,  AW 
hydraulic  oils,  gear  oils,  and  EP  gear  oils),  are  best  described  by  comparison 
with  the  nonspecialized  industrial  oils  discussed  earlier.  Nonspecialized 
oils  contain  a  category  called  general  purpose  oils.  This  term  is  also  used 
in  the  PE  list.  To  prevent  confusion,  the  PE  general  purpose  category  will  be 
referred  to  as  the  first  PE  group  (which  denotes  its  position  in  the  list). 

Both  the  first  PE  group  and  the  PE  gear  oils  correspond  to  general  purpose 
oils.  Gear  oils,  as  used  in  the  PE  list,  refer  to  oils  with  a  higher  vis¬ 
cosity  that  would  most  likely  be  used  in  gear  systems.  Note  that  the  same 
brand  names  appear  in  both  categories  and  that  they  differ  only  in  viscos¬ 
ity.  However,  both  of  these  categories  differ  from  the  previously  described 
general  purpose  oil  in  that  the  additives  may  not  be  the  same.  In  most  cases, 
the  first  PE  group  and  PE  gear  oils  are  exactly  the  same  as  general  purpose 
oils.  However,  in  some  cases,  brand  names  indicate  EP  additives  have  been 
included.  In  other  cases,  AW  is  given  instead  of  R&O.  This  raises  the 
possibility  that  R&O  additives  are  not  present.  AW  hydraulic  oil  is  a  general 
purpose  oil  but  its  antiwear  properties  are  sufficient  to  pass  the  Vickers 
vane  test  for  hydraulic  applications  when  this  is  required. 

144.  The  EP  gear  oils  should  correspond  to  those  described  under  nonspe¬ 
cialized  industrial  oils  except  that  EP  additives  are  included  and  viscosities 
may  be  as  high  as  ISO  2200.  The  PE  classification  of  gear  oil  should  not  be 
confused  with  the  SAE  gear  oil  classification  which  is  for  use  in  automotive 
gear  systems.  SAE  gear  oils  are  formulated  differently  and  are  not  discussed 
in  this  study. 

145.  Since  grease  preparation  varies  greatly  among  producers,  only  two 
types  are  given  in  the  PE  list:  No.  2  Lithium  EP  and  molybdenum  disulfide  EP 
No.  2.  These  are  the  two  most  widely  used  industrial  greases.  The  name 
molybdenum  disulfide  to  designate  lubricant  type  does  not  reflect  the  type  of 
soap,  but  it  will  usually  be  lithium.  While  both  types  are  intended  to 
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provide  extra  protection  against  wear,  one  contains  EP  additives  and  the  other 
contains  molybdenum  disulfide. 

146.  Although  the  Corps  generally  uses  lithium  greases  (60  to  70  percent 
of  the  time),  calcium,  aluminum,  polyurea,  and  sodium  calcium  are  also  used. 
Furthermore,  the  survey  indicated  that  greases  ranging  from  NLGI  00  to  No.  3 
are  being  used;  about  65  percent  of  No.  2  and  20  percent  of  No.  1.  Conse¬ 
quently,  in  many  cases,  the  PE  tables  will  not  be  useful  for  selecting 
greases. 

147.  The  cling-type  gear  shield  lubricants  are  residual  oils  to  which  a 
tackiness  agent  has  been  added.  They  are  extremely  adhesive  and  so  viscous 
that  solvents  are  added  to  permit  application.  After  application,  the  solvent 
evaporates  leaving  the  adhesive  viscous  material.  Some  products  contain  no 
solvent  and  must  be  heated  to  reduce  viscosity  for  application. 

148.  Compounded  oils  are  not  included  in  the  list  as  a  separate  class. 
When  these  oils  are  required,  producers  must  be  contacted  directly. 

149.  In  cases  where  the  PE  list  cannot  be  used,  the  most  simple  process 
is  to  contact  product  engineers  and  ask  for  product  brochures.  By  obtaining 
the  recommendations  of  several  preferably  large  and  reputable  producers,  a 
user  can  critically  evaluate  the  recommendations. 

Lubrication  of  Machinery  Components 

150.  Instead  of  considering  lubrication  for  an  entire  complex  mechanical 
system  such  as  those  found  at  Corps  hydraulic  installations,  it  is  more 
feasible  to  address  lubrication  for  the  individual  mechanical  components.  To 
begin  with,  R&O  additives  are  so  common  today  and  specified  by  so  many  manu¬ 
facturers,  using  lubricants  without  them  would  be  unjustified.  Introducing  an 
oil  without  R&O  additives  into  a  stocking  system  would  probably  do  no  more 
than  increase  the  possibility  of  accidentally  adding  the  wrong  lubricant. 

Journal  bearings 

151.  A  journal  bearing  is  the  sleeve  fitted  around  a  rotating  shaft  (the 
journal)  to  provide  a  wearing  surface.  The  terms  sleeve  bearing  and  plain 
bearing  are  also  used.  Journal  bearings  may  be  lubricated  with  either  oil  or 
grease.  If  oil  is  required,  a  wear  resistant  general  purpose  R&O  oil  of 
recommended  viscosity,  with  antifoaming  and  demulsifying  agents,  is  often 
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sufficient.  If  severe  or  shock  loading  is  involved,  an  EP  oil  may  be 
recommended. 

152.  Generally,  oil  is  better  than  grease  as  a  lubricant  for  journal 
bearings.  Where  clearance  between  a  journal  and  its  bearing  is  relatively 
large,  speed  is  low,  and  shock  loading  is  involved,  grease  is  used.  NLGI  No. 

2  or  No.  1  are  most  commonly  used.  Since  there  is  a  relatively  large  contact 
area  in  journal  bearings,  from  which  heat  is  not  easily  transferred,  NLGI 
grease  numbers  greater  than  No.  2  are  not  commonly  used. 

153.  Flexible  plate  thrust  bearings  are  closely  related  to  journal 
bearings  in  that  they,  like  some  journal  bearings,  are  hydrodynamically 
lubricated.  A  well-refined  general  purpose  R&O  oil  of  recommended  viscosity, 
with  antifoaming  and  demulsifying  agents,  is  the  universal  lubricant,  but  in 
some  cases  premium  or  turbine  quality  oil  may  be  recommended.  The  use  of  EP 
agents  is  not  required  for  hydrodynamic  operation  since  wearing  surfaces  are 
completely  separated  by  the  oil  film. 

Antifriction  bearings 

154.  Antifriction  (ball  or  roller)  bearings  are  lubricated  with  either 
oil  or  grease  as  designated  by  the  manufacturer.  These  bearings  function  on 
the  elastohydrodynamic  principle  and  depend  more  critically  on  viscosity  to 
maintain  film  thickness.  Because  viscosity  varies  with  temperature,  it  is 
the  viscosity  at  operating  temperature  that  is  important,  not  the  published 
viscosity  based  on  standard  temperatures.  Most  manufacturers  follow  the 
guidelines  listed  in  Table  5. 

155.  The  question  that  remains,  however,  is:  "Which  standard  viscosity 
will  have  the  required  viscosity  at  the  temperature  of  operation?"  The 
manufacturer  ordinarily  provides  this  information,  but  producers  can  also 
provide  the  information. 

156.  Rust  is  particularly  damaging  to  antifriction  bearings  which  depend  on 
extremely  smooth  surfaces  to  provide  prolonged  life.  Even  very  small  rust 
pits  reduce  smoothness  and  the  life  of  a  bearing.  Consequently,  it  is  impor¬ 
tant  that  an  antirust  additive  be  included  in  the  selected  oil.  A  well- 
refined  general  purpose  R&O  oil  with  antifoaming  and  demulsifying  agents  will 
ordinarily  be  recommended.  EP  additives  are  used  when  the  machine  is  fre¬ 
quently  stopped  and  started,  when  heavy  or  shock  loading  is  present,  or  when 
sliding  motion  is  excessive.  Otherwise,  they  are  not  usually  required. 
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157.  Because  of  the  variety  of  greases  found  in  the  market  today,  grease 
selection  is  more  difficult  than  oil  selection.  As  always,  the  manufacturer's 
recommendation  should  be  followed.  When  the  recommended  grease  is  not  avail¬ 
able,  a  substitute  is  required.  NLGI  No.  2  is  the  most  commonly  used  grease. 

If  low  ambient  temperatures  are  involved,  No.  1  may  be  recommended,  and  if  the 
grease  is  dispensed  from  a  central  system,  No.  0  may  be  recommended.  For  higher 
speeds,  No.  3  or  even  No.  4  may  be  required.  Grease  containing  a  lithium 
complex  thickener  is  most  frequently  used,  and  if  there  is  no  other  recom¬ 
mendation,  Lithium  No.  2  is  the  best  to  start  with.  Calcium  complexed  greases 
may  be  recommended,  especially  where  water  is  a  likely  contaminant.  Sodium 
greases  are  seldom  recommended,  and  they  resist  water  very  poorly.  Because  of 
the  critical  role  viscosity  plays  in  EHD  lubrication,  particular  attention 
should  be  given  to  the  viscosity  of  the  oil  in  the  grease. 

158.  Rust  and  oxidation  inhibitors  should  be  included  in  a  grease  for 
the  same  reasons  they  are  included  in  oil  used  in  antiwear  bearings.  Solid 
EP  additives,  such  as  molybdenum  disulfide  or  graphite,  are  often  included 
in  grease  intended  for  heavy  duty  use.  These  substances  are  of  no  substan¬ 
tial  benefit  in  antifriction  bearings  but  they  are  not  detrimental  either. 

Gears 

159.  Oil  is  ordinarily  preferred  for  both  open  and  closed  gears,  but  the 
oil  for  open  gears  is  a  heavy  residual  oil  that  often  contains  tackiness 
agents  and  is  extremely  adhesive.  Gear  oil  should  not  be  confused  with 
grease.  Grease  is  also  used  for  gear  systems  but  most  designers  avoid  grease 
unless  there  is  some  special  reason.  Table  6  lists  appropriate  lubricants  for 
various  gear  types  and  loads. 

160.  Because  of  the  wide  differences  in  configuration  and  application,  it 
is  difficult  to  make  broad  generalizations  regarding  lubrication  for  enclosed 
gears.  Viscosity  recommendations  cover  a  broad  range  and  the  use  of  EP 
additives  depends  entirely  on  the  gear's  design.  The  AGMA  prepared  specifi¬ 
cation  250.04,  Lubrication  of  Industrial  Enclosed  Gear  Drives.  Although 
selection  cannot  be  made  entirely  on  this  publication,  it  should  provide  a 
reasonable  guide  when  no  better  recommendation  is  available.  A  portion  of 

this  publication  is  given  in  Appendix  E. 

161.  Open  gears  are  usually  lubricated  with  heavy  residual  oil  containing 
tackiness  agents.  These  lubricants  are  extremely  adhesive  and  tend  to  collect 
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dust  and  sand  particl.es  that  can  build  into  an  abrasive  cake.  In  extremely 
dusty  environments,  this  problem  can  become  severe.  A  common  remedy  is  Co 
clean  the  gears  using  an  agent  such  as  Stoddard  solvent.  However,  come 
producers  feel  there  is  an  alternative.  They  suggest  that,  in  some  cases,  an 
NLGI  No.  2  grease  with  a  tackiness  agent  and  an  EP  additive  can  be  used.  The 
theory  is  that  the  lighter  consistency  of  No.  2  grease  allows  particles  to  be 
flushed  from  between  the  gear  teeth  instead  of  forming  a  cake.  AGMA  Specifi¬ 
cation  251.02,  Lubrication  of  Industrial  Open  Gearing,  provides  information  to 
help  select  an  appropriate  product.  A  portion  of  this  publication  is  given  in 
Appendix  E. 

162.  Worm  gears  involve  a  much  greater  degree  of  sliding  motion  than  other 
types  of  gears.  Bronze  is  most  commonly  used  for  the  worm  because  it  has  a 
naturally  low  coefficient  of  friction.  To  further  reduce  friction,  compounded 
oils  are  used.  EP  additives  may  also  be  recommended.  The  contact  area  in 

worm  gears  is  greater  than  in  other  types  of  gears.  Although  this  reduces  the 
load  per  unit  area,  worm  gears  tend  to  operate  at  higher  temperatures  than 
other  gear  types.  Consequently,  oil  for  worm  gears  is  heavy  bodied.  Oil 
suitable  for  worm  gears  is  commonly  classed  as  a  heavy  bodied  steam  cylinder 
oil . 

Electric  motors 

163.  Either  plain  bearings  (sleeve)  or  antifriction  bearings  may  be  found 
in  electric  motors.  Previous  discussion  about  selecting  lubricants  for  these 
bearing  types  also  applies  to  electric  motors.  However,  manufacturers  and 
producers  strongly  emphasize  that  the  level  of  lubricant  in  electric  motors  is 
very  critical.  In  many  cases,  motors  that  are  equipped  with  plain  bearings 

and  use  oil  are  ring  lubricated.  If  the  oil  level  in  the  reservoir  is  so  low 
that  the  ring  does  not  dip  into  the  oil,  the  bearings  will  be  starved  and 
damaged.  If  the  reservoir  is  too  full,  the  oil  might  get  into  the  windings 
and  cause  damage.  If  grease  is  used  for  antifriction  bearings,  excessive 
grease  may  cause  churning  and  undesirable  heating. 

Hydraulic  systems 

164.  Although  viscosity  is  always  the  most  important  consideration  in 
selecting  an  oil,  it  is  particularly  true  in  hydraulic  systems.  Selection 
depends  largely  on  the  type  of  pump  that  is  used  in  the  system.  Gear  pumps 
use  relatively  heavy  oils  while  vane  pumps  use  lighter  oils.  If  the  viscosity 
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is  too  low  in  either  case,  "chattering"  may  occur.  No  generalization  can  be 
made  regarding  viscosity  for  piston  pumps;  it  varies  over  a  wide  range. 

165.  Oil  for  a  hydraulic  system  should  be  heavy  enough  to  seal  spaces 
between  the  pump  components  and  to  minimize  wear.  On  the  other  hand,  if  it  is 
too  thick,  excessive  drag  and  power  loss  will  develop.  Hydraulic  pumo  manu¬ 
facturers  always  specify  viscosity  limits  for  operation  and,  in  many  cases, 
they  will  give  maximum  startup  and  minimum  operating  limits.  Recommended 
viscosities  usually  fall  between  70  and  250  SUS  at  operating  temperature. 

166.  Because  the  oil  viscosity  should  remain  within  certain  limits 
during  operation,  the  VI  should  be  considered  when  selecting  an  oil.  It 
need  not  be  any  higher  than  demanded  by  local  temperature  ranges,  but  since 
there  is  no  simple  way  for  a  user  to  make  a  reasonable  estimate,  it  is 
probably  best  to  use  an  oil  with  VI  in  the  range  of  95  to  100.  Since 
paraffinic  oils  have  better  VI,  oils  formulated  specifically  for  hydraulic 
use  are  of  that  class. 

167.  Foaming  can  be  a  problem  in  hydraulic  systems.  Although  manu¬ 
facturers  can,  and  do,  control  foaming  in  the  design  of  their  hydraulic 
systems,  hydraulic  oils  should  contain  antifoaming  agents. 

168.  Condensation  can  develop  in  a  hydraulic  system  and  cause 
corrosion.  To  reduce  the  level  of  water  in  the  oil,  a  demulsifying  agent 
should  be  included. 

169.  Finally,  since  there  is  a  large  amount  of  sliding  motion  involved 
in  hydraulic  systems,  antiwear  agents  are  usually  specified  and,  in  some 
cases,  the  oil  may  be  required  to  pass  the  Vickers  vane  test. 

Compressors 

170.  Compressors  are  essentially  pumps.  There  is  virtually,  no  differ¬ 
ence  in  the  fundamental  functioning  of  a  compressor  and  a  pump.  What  is 
different  is  that  a  compressor  pumps  air  while  a  pump  pumps  a  liquid  such 

as  water  or  oil. 

171.  Condensation  and  the  presence  of  oxygen  cause  problems  for  lubrica¬ 
tion  in  air  compressors.  In  some  cases,  heavy-duty  use  and  high  temperatures 
are  also  involved.  Compressed  air  exposes  the  oil  to  much  more  oxygen  than  in 
other  systems  of  lubrication  and,  where  temperatures  are  high,  oxidation  is 
accelerated.  Consequently,  the  ability  of  a  lubricant  to  resist  oxidation  and 
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rust  is  of  much  greater  concern  in  a  compressor  than  in  most  other 
applications. 

172.  The  expected  severity  of  oxidation  and  condensation  establishes  the 
type  of  oil  that  a  manufacturer  will  recommend.  When  temperatures  are  high 
and  the  operation  is  heavy  duty,  conditions  are  similar  to  those  within 
cylinders  of  an  internal  combustion  engine.  In  such  a  case,  automotive  oils 

or  automatic  transmission  oils  may  be  recommended.  If  neither  excessive 
temperature  nor  excessive  condensation  is  anticipated,  an  R&O  oil  from  naph¬ 
thenic  base  stocks  is  normally  preferred.  In  cases  where  the  VI  is  a  matter 
of  concern,  a  paraffinic  oil  may  be  recommended.  Turbine  oils  may  also  be 
specified.  Normally,  naphthenics  are  recommended  unless  the  VI  is  a  major 
concern.  When  condensation  cannot  be  sufficiently  controlled,  compounded 
naphthenic  oils  may  be  recommended.  These  oils  contain  fatty  acids  and  other 
compounds  that  strongly  adhere  to  metal  surfaces  and  reduce  contact  with  water 
that  might  be  present.  These  oils  also  provide  emulsifying  qualities.  They 
are  more  prone  to  oxidation  than  uncompounded  oils  and  are  restricted  to 
special  appl icat ions .  They  should  not  be  used  unless  specified  by  the 
manufacturers.  In  special  cases,  synthetics  are  recommended  to  obtain 
improved  rust  and  oxidation  inhibition,  a  better  VI,  and  a  lower  pour  point. 

173.  When  gases  other  than  air  are  used  in  a  compressor,  harmful 
chemical  reactions,  other  than  oxidation  of  the  oil,  may  occur.  Refrigera¬ 
tion  systems,  for  example,  usually  require  either  special  preparations  of 
oil  or  nonpetroleum  lubricants  to  retard  the  unwanted  reaction.  A  discus¬ 
sion  of  those  lubricants  is  beyond  the  scope  of  this  report. 

Wire  rope  and  chains 

174.  Wire  rope  and  chains  are  not  manufactured  to  hold  lubricants  in 
place.  The  strands  of  wire  rope  and  the  sleeves  of  chains  will  hold  a 
lubricant  to  some  extent,  but  eventually  the  lubricant  will  be  worked  out 
from  between  the  wearing  surfaces.  Furthermore,  there  is  no  system  to 
continuously  resupply  the  lubricant  as  it  is  lost.  Although  chains  are 
sometimes  passed  through  baths  or  under  jets,  the  supply  is  not  strictly 
continuous.  In  addition,  wire  rope  and  chain  systems  are  often  exposed 
directly  to  the  atmosphere  and  elements  of  weathering  and  abrasive 
contaminants.  These  factors  impose  a  requirement  for  above  ordinary 
adherence. 
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175.  Heavy  oil  with  a  high  asphaltic  content  provides  the  best 
adherence.  Heating,  or  the  use  of  soLvents,  may  be  required  for 
application.  If  a  dip  system  is  present,  thinner  oils  of  appropriate 
viscosity  are  recommended. 

Insulating  oil 

176.  Although  insulating  oil  is  not  intended  for  lubrication,  it  is  used 
at  Corps  hydraulic  installations.  Selecting  insulating  oil  is  simple  com¬ 
pared  to  selecting  lubricating  oil.  ASTM  specification  D  3487  is  the 
standard  which  governs  the  quality  of  insulating  oil.  All  producers  meet 
these  specifications  with  the  exception  of  impulse  strength,  which  varies 
among  producers.  However,  the  producers  publish  test  data  and  a  user  can 
easily  determine  if  the  product  meets  requirements.  It  is  also  possible 

that  water  content  is  above  the  limits  set  in  ASTM  D  3487  because  of  conden¬ 
sation  in  shipping  containers  or  transport  tankers.  Users  should  sample  and 
test  insulating  oil  for  its  water  content  upon  delivery  and  before  intro¬ 
duction  into  electrical  equipment.  The  contractor  delivering  the  oil  is 
ordinarily  held  responsible  for  meeting  specifications,  not  the  producers. 
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PART  V:  PROBLEMS  FOUND  IN  THE  SURVEY 


177.  It  was  initially  assumed  that  problems  voiced  by  several  field 
installations  reflected  widespread  lubricant  problems,  although  the  survey 
conducted  during  this  research  did  not  indicate  that  problems  were 
widespread.  To  determine  the  extent  of  lubrication  problems,  15  points  of 
contact  designated  by  district  offices  during  the  Phase  I  survey  were  asked 
to  determine  if  any  of  the  problems  mentioned  in  the  survey  were  being 
experienced  in  their  districts.  Also,  staff  members  of  operations  or  design 
sections  were  asked  to  determine  if  such  problems  had  been  reported. 

Although  no  significant  complaints  were  uncovered,  it  was  concluded  that  the 
absence  of  problems  given  in  the  survey  truly  reflected  field  circumstances. 

Lubricant  Breakdown 


178.  In  the  broadest  sense,  breakdown  or  decomposition  of  lubricants 
refers  to  chemical  alteration  resulting  in  loss  of  desired  properties.  When 
oil  and  grease  are  oxidized,  they  produce  sludge  or  varnish  that  causes 
heating  and  contributes  to  corrosion.  In  some  cases  of  breakdown,  additives 
are  depleted.  Dust  particles,  solvents,  or  corrosive  agents  might 
contaminate  a  lubricant.  All  of  these  possibilities  might  be  referred  to  as 
breakdown  or  decomposition, 

179.  Breakdown  does  not  imply  that  oil  molecules  are  broken  into  smaller 
molecular  weight  components,  resulting  in  lower  viscosity.  However,  contami¬ 
nation  with  a  solvent  or  oil  of  lesser  viscosity  can  result  in  reduced  vis¬ 
cosity.  Discoloration  due  to  aging  does  not  necessarily  indicate  breakdown. 

180.  Field  personnel  often  refer  to  the  separation  of  the  oil  in  a 
grease  from  the  thickener  as  breakdown.  Although  separation  does  indeed 
thin  the  grease  or  increase  its  penetration,  it  does  not  necessarily  indi¬ 
cate  any  chemical  alteration.  Long-term  storage  or  excessive  heat  can  also 
induce  separation. 

181.  The  Corps  survey  did  not  identify  any  cases  where  an  oil  failed  or 
broke  down.  This  is  not  surprising.  Oils  used  at  Corps  hydraulic  instal¬ 
lations  have  been  studied  by  producers  for  years  and  have  been  improved  to 
very  high  levels  of  performance.  Manufacturers  have  also  Learned  the 
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appropriate  oils  to  use  for  a  given  application  and  the  oil  producers  have 
developed  such  a  wide  variety  of  products  that  almost  any  demand  can  be 
met.  If  the  recommended  lubricant  is  properly  applied,  the  probability  of 
failure  due  to  the  oil  itself  is  minimaL. 

182.  In  one  case,  the  oil  was  reported  to  be  breaking  down  in  a  speed 
reducer,  but  it  was  suspected  the  oil  had  been  in  place  for  34  years  (since 
1951).  After  such  long  service,  any  oil  can  be  expected  to  oxidize,  darken, 
and  become  sludged.  This  case  was  not  regarded  as  a  problem  with  the  oil. 

183.  A  few  complaints  about  the  grease  or  gear  dressing  for  open  gears 
were  documented.  No  trend  in  either  the  product  or  the  function  could  be 
identified  and  maintenance  personnel  have  made  changes  to  obtain 
satisfactory  performance. 


Compatibility 

184.  Many  individuals  believe  that  catastrophic  failure  follows  if  two 
incompatible  lubricants  are  mixed.  That  is  seldom,  if  ever,  the  case  and  the 
misunderstanding  arises  due  to  what  is  meant  by  incompatibility.  Incompati¬ 
bility  ordinarily  refers  to  the  failure  of  one  lubricant  to  match  the  quali¬ 
ties  of  another  with  which  it  will  be  mixed.  This  might  occur  when  makeup  is 
added  or  a  new  product  is  introduced.  For  example,  if  an  oil  with  no  oxida¬ 
tion  inhibitor  were  added  to  one  containing  an  inhibitor,  the  effect  would  be 
to  dilute  the  inhibitor  concentration  in  the  mixture.  The  extent  of  dilution 
would  depend  on  the  amount  of  uninhibited  oil  added.  A  similar  example  would 
be  if  a  general  purpose  oil  is  added  to  a  compounded  oil  of  the  same 
viscosity.  Fats  used  in  the  compounded  oil  to  provide  greater  lubricity  would 
be  diluted  proportionate  to  the  amount  added.  Using  the  wrong  lubricant  could 
result  in  damage  to  machinery  in  a  very  short  time,  but  this  is  not  usually  a 
matter  of  compatibility. 

185.  In  any  of  these  cases,  catastrophic  failure  would  not  be  an 
immediate  consequence.  If  the  dilution  were  very  small,  there  would  be 
essentially  no  difference  in  performance.  Even  if  the  dilution  were  quite 
large,  catastrophic  failure  would  not  follow  immediately  but  the  life  of 
either  the  oil  or  the  machinery  would  be  reduced.  In  this  sense, 
compatibility  refers  to  dilution  of  a  desired  additive  or  quality. 
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186.  There  are  cases  where  this  definition  (i.e.,  unmatched  qualities) 
would  not  be  appropriate.  One  oil  might  contain  an  additive  that  would 
neutralize  an  additive  in  the  other  oil.  Motor  oils,  for  example,  contain 
detergents  that  keep  contaminants  and  water  suspended  in  the  oil.  General 
purpose  industrial  oils  contain  demulsifiers  to  retard  the  suspension  of 
water.  Mixing  one  with  the  other  would  counteract  the  desired  effects  of 
either  one.  Again,  the  degree  of  mixing  would  influence  the  extent  of  quality 
reduction.  The  viscosity  would  remain  unchanged  and  lubrication  would  con¬ 
tinue  with  no  catastrophic  failure.  However,  the  life  of  the  machinery  would 
probably  be  reduced  if  the  condition  continued  for  an  extended  period  of  time. 

187.  Incompatibility  can  also  occur  if  the  oil  contains  a  corrosive 
additive.  EP  additives  can  sometimes  be  corrosive  to  bearings  made  of 
alloys.  Zinc  dialkyl  di thiophosphate  is  a  widely  used  additive  that  pro¬ 
vides  wear  reduction  but  has  a  corrosive  effect  on  lead-bronze  bearings. 

Copper  alloys  react  with  acid  succinates  to  yield  a  soluble  copper  complex 
that  promotes  oxidation  of  the  oil. 

188.  These  cases  would  seem  to  imply  that  compatibility  is  always  a 
problem,  but  in  practice,  a  few  simple  rules  will  virtually  eliminate  incom¬ 
patibility  problems: 

a.  Select  an  oil  from  the  same  class  as  the  one  being  used. 

Brand  names  do  not  make  a  great  deal  of  difference;  oils 
within  a  given  class  are  all  quite  similar.  The  various 
classes  that  might  be  encountered  were  discussed  in  Part  IV. 

b.  The  selected  oil  should  have  equal  or  better  specifications 
than  the  one  with  which  it  will  be  mixed. 

c.  The  lubricant  should  meet  or  exceed  the  manufacturer's 
specifications . 

d.  If  machinery  is  known  to  contain  bearings  made  of  an  alloy 
affected  by  certain  additives,  the  manufacturer  will 
normally  notify  the  user.  Orders  for  oil  should  prohibit 
inclusion  of  such  additives. 

189.  The  compatibility  between  acid-refined  and  hydrogen-refined  oils  has  been 
questioned.  The  purpose  of  any  refining  process  is  to  remove  undesirable 
constituents  within  the  oil.  In  either  acid  or  hydrogen  refining,  the 
primary  objective  is  to  remove  unsaturated  hydrocarbons  (the  full  complement 
of  hydrogen  is  not  present).  Ursaturated  hydrocarbons  are  chemically  more 
reactive  than  saturated  hydrocarbons  and  are  more  susceptible  to  oxidation. 
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They  may  be  eliminated  in  either  of  two  ways.  In  hydrogen  refining,  hydro¬ 
gen  is  added  to  provide  saturation.  In  other  words,  unsaturates  are 
converted  to  saturates  which  are  less  susceptible  to  oxidation.  Nothing  is 
removed  from  the  oil;  it  is  simply  converted. 

190.  In  acid  refining,  sulfuric  acid  is  added  and  reacts  with  unsatu¬ 
rates  to  form  sulfur  compounds  that  can  be  selectively  removed  from  the 
oil.  The  reacted  sulfur  compounds  form  a  sludge  and  its  disposal  has  become 
an  environmental  probLem.  This  has  caused  a  shift  to  hydrogen  refining. 

191.  In  either  case,  the  product  is  essentially  the  same.  In  hydrogen 
refining,  unsaturates  are  converted  to  saturated  hydrocarbons  and  in  acid 
refining,  the  unsaturates  are  removed,  leaving  saturated  hydrocarbons. 

However,  there  are  slight  differences.  No  two  oils  are  exactly  the  same 
unless  taken  from  the  same  refined  batch.  Furthermore,  hydrogen  refining 
does  remove  certain  aromatics  somewhat  more  effectively  than  acid 
refining.  Such  differences  are  so  minor  that  these  oils  can  be  mixed  with 

no  problems. 

192.  Compatibility  between  these  two  refined  types  comes  into  question 
in  insulating  oils.  In  earlier  years,  acid-refined  naphthenic  base  stocks 
were  used  for  insulating  oils.  (As  discussed  in  Part  III,  these  oils  have  a 
lower  pour  point  than  paraf f inics. )  In  more  recent  times,  oil  producers 
faced  with  dwindling  sources  of  naphthenic  crudes  began  producing  paraffinic 
insulating  oils.  This  occurred  at  about  the  same  time  that  hydrogen 
refining  replaced  acid  refining.  Consequently,  older  transformers  are  very 
likely  to  contain  acid-refined  naphthenic  oil.  However,  when  new  makeup  oil 
is  purchased,  it  may  be  a  paraffinic  hydrogen-refined  oil. 

193.  The  refining  process  differences  lead  to  suspicions  of  compatibil¬ 
ity  problems.  However,  the  only  significant  difference  is  the  fact  that 
paraffinics  provide  a  higher  pour  point.  Although  this  is  of  little  con¬ 
cern  in  warm  climates,  it  could  be  significant  in  very  cold  climates. 

194.  Lubricating  oils  may  be  either  paraffinic  or  naphthenic  depending 
on  intended  use,  but  there  are  no  restrictions  on  availability.  If  one 

type  is  being  used,  there  is  no  problem  in  acquiring  more  of  the  same. 
Differences  in  the  refining  processes  are  of  no  consequence. 

195.  Greases  may  be  incompatible  in  a  different  manner  than  oils.  In  a 
few  cases,  greases  may  lose  their  structure  when  mixed.  Although  this  is 
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not  common,  it  is  most  likely  to  occur  when  greases  with  two  different  soap 
thickeners  are  mixed.  The  result  is  unpredictable.  The  best  policy  is  to 
not  mix  different  brands  of  greases.  If  a  new  brand  of  grease  must  be 
introduced,  it  should  be  injected  in  such  a  manner  that  the  old  is  forced 
out  as  much  as  possible.  Greases  may  also  be  incompatible  in  the  same 
sense  as  oil.  That  is,  if  the  addition  of  new  grease  in  any  way  reduces 
characteristics  below  specifications  for  the  original  grease  it  may  be 
considered  incompatible.  The  only  reliable  way  to  determine  compatibility 
between  two  greases  is  to  test  them.  A  more  simple  solution  is  to  avoid 
mixing  them. 

Cold  Weather  Effects 


196.  The  viscosity  of  any  oil  increases  as  the  temperature  decreases. 
Often  this  increase  is  sufficient  to  cause  a  considerable  increase  in  power 
requirements  for  machinery  operation.  When  the  condition  is  extreme, 
machinery  may  become  inoperable.  The  traditional  methods  of  remedy  have  been 
to  either  provide  a  heating  device  to  warm  the  oil  to  an  acceptable  viscosity 
or  to  simply  change  the  oil  to  one  with  a  lower  viscosity.  Oil  producers  and 
machine  manufacturers  indicate  that  the  only  other  alternative  is  to  use  a 
synthetic  oil.  Synthetics  have  much  lower  pour  points  and  better  viscosity 
indexes.  Although  heaters  are  frequently  used  in  northern  districts,  syn¬ 
thetics  are  used  in  at  least  one  case  to  reduce  cold  weather  effects. 

High  Priced  Proprietary  Lubricants 

197.  The  survey  also  attempted  to  identify  any  high-priced  proprietary 
lubricants  recommended  by  equipment  manufacturers  with  the  threat  that  warran¬ 
ties  are  not  honored  unless  the  recommended  lubricant  is  used.  The  lubricants 
used  at  Corps  installations  are  all  competitively  priced  products  and,  while 
there  are  undoubtedly  differences  in  prices,  there  is  nothing  to  suggest  they 
could  be  considered  high  priced.  Furthermore,  the  survey  did  not  indicate 
that  use  of  a  given  brand  had  been  specified  by  the  manufacturer.  Since  most 
of  the  lubricants  used  are  very  common  preparations,  there  should  be  no  reason 
to  pick  a  particular  brand. 
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Machinery  Failures 


198.  Only  two  cases  of  machinery  failure  were  mentioned  in  the  survey. 
The  first  case  involved  failure  of  the  gear  reducer  on  a  fish  pump.  The 
second  case  involved  two  overheated  turbines.  Neither  of  these  problems  was 
the  fault  of  the  lubricant,  although  in  the  first  case  the  wrong  lubricant  may 
have  been  used.  (Using  an  alternate  oil  reduced  the  gear  reducer  oil 
temperature  by  5°  F  [-15°  C ] . )  Furthermore,  the  machinery  is  still  in  use  and 
was  not  catastrophically  damaged. 


Procurement  of  Lubricants 


199.  More  than  80  brand  name  products  were  identified  in  the  survey. 
Some  were  used  at  only  one  or  two  installations  and  were  produced  by  small 
local  companies.  In  most  cases,  products  of  major  producers  such  as  Texaco, 
Exxon,  and  Chevron  were  in  use.  In  some  cases,  the  survey  form  identified 
only  a  MIL  SPEC,  not  a  product  name. 

200.  The  variety  of  products  does  not  appear  to  have  caused  problems  in 
stocking  levels  and  there  were  no  complaints  of  accidentally  using  a  wrong 
lubricant  due  to  a  large  number  of  lubricants  being  available.  Product 
selection  is  based  on  recommendations  of  the  machine  manufacturer,  an  oil 
company  representative,  or  recommendations  from  staff  members  of  Corps  opera¬ 
tions,  engineering,  or  design  sections.  In  a  few  cases,  foremen  or  other 
personnel  responsible  for  maintenance  made  selections. 

201.  Procurement  also  varies.  In  some  cases,  bids  are  accepted  from 
suppliers  based  on  some  general  specification  such  as  those  of  a  manufacturer 
or  a  MIL  SPEC.  In  other  cases,  bids  are  accepted  for  a  particular  brand 
name.  Several  suppliers  usually  carry  the  same  product  and  they  can  bid 
according  to  their  individual  profit  requirements.  In  a  few  cases,  greases 
appear  to  have  come  from  government  supply  sources.  In  one  case,  orders  were 
placed  for  less  than  a  thousand  dollars  and  a  sole  source  was  named.  Oil  that 
did  not  meet  specifications  was  received  at  one  installation,  which  led  the 
district  to  change  its  procurement  procedures  to  naming  specific  brands. 
Another  district  reports  having  requested  naphthenic  oil  but  received  paraf¬ 
finic.  They  ultimately  obtained  a  proprietary  product  at  $3  per  gallon  (the 
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bid  for  the  rejected  oil  was  $5  per  gallon).  Bids  on  general  specifications 
were  often  unsatisfactory. 

202.  In  some  cases,  certain  brand  names  are  not  available.  Until 
recently,  Pennzoil  distributed  motor  oils  across  the  United  States  but  did 
not  market  their  line  of  industrial  oils  in  the  western  United  States. 

Smaller  producers  tend  to  market  their  products  in  limited  areas.  Some 
producers  have  been  merged  with  other  corporations.  These  examples 
generated  a  few  remarks  in  the  survey.  Several  installations  gave  local 
availability  as  the  basis  for  selection  of  products  in  use.  One  district 
reported  specifying  oils  according  to  directives  in  its  O&M  manual,  but 
mergers  have  forced  them  to  make  substitutions.  These  cases  should  not 
constitute  significant  problems.  A  call  to  any  major  oil  company  will 
quickly  provide  an  equivalent  lubricant.  However,  in  come  cases,  portions 
of  O&M  manuals  may  need  to  be  changed. 

Investigations  of  Problems  at  Corps  Hydraulic  Installations 

203.  The  Phase  I  survey  requested  the  results  of  investigations  or 
experiments  designed  to  solve  lubrication  problems.  Two  examples  typify  the 
nature  of  work  that  was  done.  At  the  field  office  of  a  northern  district, 
tests  were  conducted  to  establish  a  qualified  product  list  for  grease  pur¬ 
ported  by  their  producers  to  meet  the  requirements  of  MIL  SPEC,  MIL  G  211646. 
District  use  of  a  proprietary  product  as  a  standard  has  no  justification  since 
grease  that  did  not  meet  the  test  may  still  have  qualified  under  required 
tests  of  the  MIL  SPEC  and  may  have  been  adequate  for  the  proposed  application. 
In  effect,  a  test  not  required  by  the  MIL  SPEC  was  imposed. 

204.  In  another  case,  a  hydraulic  system  operated  noisily  during  cold 
weather.  To  remedy  this,  oil  of  a  lesser  viscosity  was  mixed  with  the  oil 
presumably  recommended  by  the  manufacturer  of  the  system.  This  is  not  usually 
a  good  practice.  Although  the  cold  weather  problem  was  solved,  there  might  be 
adverse  effects  during  warm  weather.  It  is  usually  best  to  discuss  the 
problem  with  the  manufacturer  or  an  oil  producer  before  making  such  a  change. 
Apparently  the  remedy  worked,  so  no  harm  was  done.  But  this  practice  could 
serve  as  a  precedent  and  encourage  mixing  lubricants  where  it  would  be 
harmful . 


PART  VI:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


205.  The  most  salient  conclusions  that  can  be  drawn  from  the  survey  are 

these: 

a.  Lubrication  needs  are  being  met  with  current  products  as 
evidenced  by  few  problems  with  lubricants  at  Corps  hydraulic 
installations.  The  problems  were  minor,  were  related  to 
greases,  and  were  site  specific. 

b.  Corps  maintenance  personnel  responsible  for  lubrication  of 
machinery  were,  observant  and  aware  of  the  few  problems  that 
have  occurred  and  took  corrective  action. 

c.  There  have  been  no  significant  failures  of  machinery  due  to 
improper  selection  of  lubricants. 

d.  Some  Corps  personnel  are  confused  as  to  what  criteria  must  be 
followed  in  procuring  lubricants.  Apparently,  personnel  in 
some  districts  are  under  the  impression  that  specific  brands 
cannot  be  specified  under  Federal  procurement  rules. 

e.  In  some  cases,  technical  advisory  services  provided  by  oil 
companies  and  manufacturers  are  not  used  to  the  fullest 
extent.  This  situation  arises  from  interpretation  of  Federal 
procurement  rules  which  stress  that  procurement  above  certain 
dollar  amounts  must  be  through  competitive  bidding  and  that  no 
partiality  may  be  given  to  any  commercial  interest. 

Recommendations 

206.  The  following  recommendations  could  alleviate  the  few  problems  that 

exist . 

a.  It  is  recommended  that  guidance  on  interpreting  procurement 
rules  be  provided  to  field  personnel.  Particular  brands  can  be 
specified  to  avoid  mixing  lubricants.  Greases  can  be  specified 
on  the  basis  of  comparative  results. 

b.  This  guidance  should  also  encourage  the  use  of  technical 
services  and  advice  available  at  major  oil  producers. 

c.  If  oil  is  changed  periodically  according  to  a  maintenance  plan, 
testing  to  determine  suitability  for  continued  use  is  not 
recommended.  However,  if  an  oil  is  used  over  long  periods  of 
time  and  in  large  quantities,  periodic  tests  to  determine  that 
the  oil  still  meets  acceptable  standards  are  recommended. 
Guidance  should  direct  attention  to  this  practice  if  it  is  not 
already  a  matter  of  routine  maintenance.  A  number  of 
commercial  organizations  and  oil  producers  provide  such 
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services.  These  services  are  also  available  through  the 
Missouri  River  Division  Oil  Test  Program  at  the  MRD  Laboratory, 
Omaha ,  NE . 

d.  It  is  recommended  that  strict  Corps-wide  control  not  be  imposed 
on  the  selection  and  procurement  of  lubricants.  Guidance 
should  merely  acquaint  personnel  with  the  available  options. 

If  a  district  is  satisfied  with  its  current  practices,  the 
guidance  should  not  prohibit  continuation  of  the  practices. 
Because  Corps  installations  are  spread  over  a  broad  range  of 
geographical  and  climatic  conditions,  freedom  to  adjust  to 
local  conditions  is  recommended. 
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Table  1 

Common  Additives  for  Industrial  Oils 


Rust  inhibitors 
Oxidation  inhibitors 
Antifoamants 
Demulsifiers 
Compounded  oil 
Antiwear  agents 
Extreme  pressure  agents 
Pour  point  depressant 
Viscosity  index  improvers 
Tackiness  agents 


Table  2 

Components  Used  in  Grease  Formulation 


_ Fluids _ 

Mineral  oil 
Synthetic  oils 
Di-esters 
Silicones 
Phosphate  esters 
Fluorocarbon 
Fluorinated  silicone 
Chlorinated  silicone 


Thickeners 

Sodium  soap 
Calcium  soap 
Lithium  soap 
Aluminum  soap 
Barium  soap 
Aluminum  complex 
Lithium  complex 
Bentonite  clay 
Silica 

Carbon/graphite 

Polyurea 

PTFE 

Polyethylene 
Indanthrene  dye 
Phthalocyanine  dye 


_ Additives _ 

Antioxidants 
Antiwear  additives 
EP  additives 
Corrosion  inhibitors 
Friction  modifiers 
Metal  deactivators 
VI  improvers 
Pour-point  depressants 
Tackiness  additives 
Water  repellants 
Dyes 

Structure  modifiers 


Reprinted  with  permission  from  Lubrication,  a  Practical  Guide  to  Lubricant 
Selection,  Lansdown,  Copyright  1982,  A.  R.  Pergamon  Press. 
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Table  3 

NLGI  Grease  Classification 


NLGI  consistency 
number 


000 

00 

0 

1 

2 

3 

4 

5 

6 


Penetration  at 
77°  F  (25°  C) 


445  to  475 
400  to  430 
355  to  385 
310  to  340 
265  to  295 
220  to  250 
175  to  205 
130  to  160 
85  to  115 


Table  4 


Percentage  of  Grease  Production  by 


Thickener  Type  as  of 

1981* 

Thickener 

Percent 

Soap 

Lithium 

59 

Calcium 

16 

Aluminum 

8 

Sodium 

4 

Others  (mostly  barium) 

3 

Nonsoap 

Inorganic 

7 

Organic 

3 

100 

^Reprinted  with  permission 

from  CRC 

Handbook  of  Lubrication  (Theory  and 

Practice  of  Tribology)  Vol 

.  II, 

Copyright  1983,  CRC  Press, 

Inc . , 

Boca  Raton,  FL. 
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l'a  b  1  e  5 

Minimum  Viscosity  at  Operating  Temperature 


Bearing  type 

SUS 

cSt 

Radial 

Ball 

70 

13 

Cylindrical  roller 

100 

20 

Spherical  roller 

110 

23 

Tapered  roller 

110 

23 

Thrust 

Ball 

150 

32 

Spherical  roller 

150 

32 

Cylindrical  roller 

160 

34 

Tapered  roller 

160 

34 

Table  6 

Types  of  Lubricant  Used  With  Various  Gear  Applications 


Gear  types 

Lubricant 

Spur 

Helical 

Worm 

Bevel 

Hypoid 

R&O  oil 
(non-EP) 

Normal 

loads 

Normal 

loads 

Light 

loads 

Normal 

loads 

Not 

recommended 

EP  oil 

Heavy  or 

shock 

loading 

Heavy  or 

shock 

loading 

Satisfactory 
for  most 
applications 

Heavy  or 

shock 

loading 

Required 
for  most 
applications 

Compounded 
oil  (about 

51  tallow) 

Not  nor¬ 
mally  used 

Not  nor¬ 
mally  used 

Preferred  by 
most  gear 
manufacturers 

Not  nor¬ 
mally  used 

For  light 
loading  only 

Heavy-bodied 
open  gear 
oils 

Slow- speed 
open 

ONLY 

Slow-speed 

open 

gearing 

Slow-speeds 

ONLY 

EP  additive 
desirable 

Slow-speeds 
open  gearing 

Slow-speeds 

gearing 

EP  additive 
required 

Grease 

Slow-speed 

open 

gearing 

Slow  speed 

open 

gearing 

Slow-speeds 

ONLY 

EP  additive 
desirable 

Slow-speeds 
open  gearing 

Not 

recommended 

Reprinted  with  permission  from  Root,  D.  C.,  Lubrication  Engineering.  Vol  32, 
No.  8,  Copyright  1976,  Society  of  Tribologists  and  Lubrication  Engineers. 
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APPENDIX  A:  VISCOSITY  AND  GRADE  CONVERSIONS 


Viscosity  ranges  for  ISO  and  ASTM  systems 


ISO 

viscosity 

grade 

Midpoint 
k inemat ic 
viscosity 

Kinematic 
cSt  at 
Min. 

viscosity 
40  “C  (104 

1  imits 
°F) 

Max. 

ASTM,  Saybolt 
viscosity  number 

Saybolt 
100  °f 
Min. 

viscosity 
(37.8  °C) 

Max. 

2 

2.2 

1 .98 

2.42 

32 

34.0 

35.5 

3 

3.2 

2.88 

3.52 

36 

36.5 

38.2 

5 

4.6 

4.14 

5.06 

40 

39.9 

42.7 

7 

6.8 

6.12 

7.48 

50 

45.7 

50.3 

10 

10 

9.00 

11.0 

60 

55.5 

62.8 

15 

15 

13.5 

16.5 

75 

72 

83 

22 

22 

19.8 

24.2 

105 

96 

115 

32 

32 

28.8 

35.2 

150 

135 

164 

46 

46 

41 .4 

50.6 

215 

191 

234 

66 

68 

61.2 

74.8 

315 

280 

345 

100 

100 

90.0 

110 

465 

410 

500 

150 

150 

135 

165 

700 

615 

750 

220 

220 

198 

242 

1,000 

900 

1,110 

320 

320 

288 

352 

1,500 

1,310 

1,600 

460 

460 

414 

506 

2,150 

1,880 

2,300 

660 

680 

612 

748 

3,150 

2,800 

3,400 

1,000 

1,000 

900 

1 

,100 

4,650 

4,100 

5,000 

1,500 

1,500 

1,350 

1 

,650 

7,000 

6,100 

7,500 

Viscosity  ranges  for  AGMA  lubricants 


Equivalent  Extreme  pressure 
Viscosity  range  ISO  grade  Gear  lubricants 


AGMA  lubricant  No.  cSt  (m«2/s)  at  00  °C  AGMA  lubricant  No. 


1 

41 

4  to  50.6 

46 

2 

61 

2  to  74.8 

68 

2 

EP 

3 

90 

to  110 

100 

3 

EP 

4 

135 

to  165 

150 

4 

EP 

5 

198 

to  242 

220 

5 

EP 

6 

288 

to  352 

320 

6 

EP 

7 

Compounded 

414 

to  506 

460 

7 

EP 

8 

Compounded 

612 

to  748 

680 

8 

EP 

8A 

Compounded 

900 

to  1,100 

1,000 

8A 

EP 

NOTES:  Viscosity  ranges  for  AGMA  lubricant  numbers  will  henceforth  be  identical  to  those  of  the 
ASTM  system.  Oils  compounded  with  3  percent  to  10  percent  fatty  or  synthetic  fatty  oils. 


Rust  and  oxidation 
inhibited  gear  oils 


A1 


SAE  viscosity  grades  for  engine  oils 
New  Classification  (J-300  SEP  80)* 


SAE  Viscosity  1/  (cP)  Borderline  pumping 

viscosity  at  temperature  (°C)  temperature  2/  (°C)  Viscosity  3/  cSt)  at  100  °C 

grade  Max.  Max.  “  Min.  Max. 


ow 

3,250 

at 

-30 

-35 

3.8 

5W 

3,500 

at 

-25 

-30 

3.8 

- 

10W 

3,500 

at 

-20 

-25 

4.1 

- 

15W 

3,500 

at 

-15 

-20 

5.6 

- 

20W 

4,500 

at 

-10 

-15 

5.6 

- 

25W 

6,000 

at 

-5 

-10 

9.3 

- 

20 

- 

- 

5.6 

Less 

than 

9.3 

30 

- 

- 

9.3 

Less 

than 

12.5 

40 

- 

- 

12.5 

Less 

than 

16.3 

50 

' 

* 

16.3 

Less 

than 

21.9 

NOTE:  1 
1/  ASTM 
2/  ASTM 
3/  ASTM 


cP  =  1mPa-s;  IcSt  =  1  am2/s 
D  2602  (cold  cranking  siaulator) 
0  3829  (mini-rotary  viscoaeter) 

0  495  (Kineaatic  viscosity) 


NLGI  grade  nuabers  for  greases 


NLGI  1/  grade  No. 

Penetration,  ASTM  2/ 

Description  and  typical  use 

000 

445-475 

Seaifluid;  centralized  systems 

00 

400-430 

Seaifluid;  centralized  systems 

0 

355-385 

Seaifluid;  centralized  systems 

1 

310-340 

Very  soft;  guns  or  centralized  systems 

2 

265-295 

Soft;  guns  or  centralized  systems 

3 

220-250 

Light;  grease  guns 

4 

175-205 

Medium;  pressure  guns 

5 

130-160 

Heavy;  grease  cups 

6 

85-115 

Block;  open  grease  cellars 

1/  National  Lubricating  Grease  Institute 
2/  Worked  (60  strokes),  77  °F  (25  °C) 


A2 


cSt@40°C 


cSt@IOO°C 
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REDIND'  Oil 

Du  Pont  Code  A-101  through  A-104 


High-Quality  Industrial  Oil 

CONOCO  REDIND®  Oils  constitute  a  line  of  high- 
quality,  paraffin-base,  foam  and  rust-inhibited 
oils.  They  provide  excellent  economical  service  in 
applications  where  oxidation-inhibited  or  ex¬ 
treme  pressure  oils  are  not  required.  The  line  of 
CONOCO  REDIND®  Oils  includes  8  regular 
grades. 

CONOCO  REDIND*  Oils  are  recommended  for, 
but  not  limited  to,  the  following  applications: 

•  Lightly  loaded  speed  reducers 

•  Centrifugal  and  turbine  pumps 

•  Electrical  motors 

•  Fans  and  blowers 

•  Back-up  roll  bearings  in  steel  and  aluminum 
rolling  mills 

•  Low  pressure  hydraulic  systems 

•  Air  and  gas  compressors 

•  Steam  and  large  diesel  and  gas  engine  bearings 

•  General  purpose  oiling 


Customer  Benefits 

•  Economical 

•  Good  natural  chemical  stability 

•  Quick  separation  from  water  (regular  grades) 

•  Non-foaming 

•  Protection  against  rust 

•  Minimum  change  in  viscosity  with  temperature 
change 

CONOCO  REDIND®  Oils  are  made  from  high- 
quality,  solvent-refined,  and  filtered  base  stocks 
and  contain  rust  and  foam  inhibitors. 

Package  Size 

55-gallon  drum 


CONOCO  REDIND®  Oil— Typical  Specifications 


Grade 

32 

46 

68 

100 

150 

220 

320 

460 

ISO/Viscosity  Grade 

32 

46 

68 

100 

150 

220 

320 

460 

Gravity,  API 

31.7 

30.8 

30.0 

29.2 

28.6 

28.0 

27.5 

27.0 

Flash,  °F. 

380 

400 

410 

420 

435 

450 

470 

540 

Pour  Point,  °F. 

Viscosity: 

-10 

-10 

-10 

10 

10 

10 

10 

10 

SSU  @  100°F. 

155 

228 

340 

505 

755 

1,120 

1,630 

2,300 

SSU  @  210°  F. 

44 

48 

55 

64 

77 

95 

118 

145 

cSt  @  40°  C. 

29-34 

43-49 

63-73 

92-108 

138-162 

205-235 

295-345 

420-490 

cSt  @  100°C. 

5  2 

6.6 

8.5 

11 

14.3 

18.5 

23.7 

29.7 

Viscosity  Index 

ASTM  Rust  Test,  A 

100 

100 

98 

97 

- Pass 

96 

96 

96 

96 

'ASTM  Industrial  Fluid  Lubricants.  Saybolt  Viscosity  Grade  Number 


To  continue  to  provide  superior  quality.  Conoco  reserves  the  right  to 
change  the  composition  of  its  products  without  notice 
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CONOCO  INC. 

HOUSTON,  TEXAS 


Rev  6-85 


Product  i 

DECTOL* 

Guide  J 

R&O  Oil 

Premium-Quality  Industrial  Oils 

CONOCO  DECTOL'  R&O  Oils,  in  eight  regular 
grades,  are  manufactured  from  high-quality, 
solvent-refined,  and  filtered  paraffin-base  stocks. 

CONOCO  DECTOL"  R&O  Oils  contain  a  well- 
balanced  additive  package  to  provide  excellent 
oxidation  resistance,  good  antiscuff  and  antiwear 
properties,  and  good  protection  against  rust, 
corrosion,  and  foam.  Oxidation  stability  at  high 
temperatures  reduces  the  tendency  of  the  oils  to 
“thicken"  in  service  and  retards  change  in  acid 
number. 

Customer  Benefits 

•  Effective  lubricant  for  long  service  life 

•  Excellent  chemical  stability 

•  Minimum  effect  on  most  seal  materials 

•  Excellent  antiscuff  and  antiwear  properties 

•  Excellent  low  temperature  properties 

•  Retains  its  viscosity  over  a  wide  variation  in 
temperatures 

•  Separates  quickly  from  water 

•  Nonfoaming 

•  Superior  rust  protection  to  lubricated  parts 

•  Low  carbon-forming  tendencies  in  air  com¬ 
pressor,  diesel,  and  gas  engine  cylinders 

They  have  a  wide  range  of  service  applications 
and  meet  the  general  requirements  for  oil 
described  as  "Turbine  Oil  Quality."  These  oils,  in 
the  proper  grades  are  recommended  for: 

•  Air  compressors 


•  Gas  turbines 

•  Hydroelectric  turbines 

•  Steam  turbines  where  this  quality  oil  is  recom¬ 
mended  by  the  equipment  manufacturer 

•  Hydraulic  systems 

•  Speed  reducers 

•  Plain  and  antifriction  bearings 

•  Electric  motors  and  generators 

•  Vacuum  pumps 

•  Centrifugal,  turbine,  and  deep  well  pumps 

•  General  purpose  oiling 

•  Roller  chains 

•  Oiled  couplings 

CONOCO  DECTOL*  R&O  Oils  meet  the  require¬ 
ments  of  Dennison  Specification  HF-1 .  Grade  1 50 
meets  the  requirements  of  Military  Specification 
MIL-H-46001C(1).  Grade  68  is  approved  under 
Cincinnati  Milacron  Specification  P-54.  Grade 
150  meets  the  requirements  of  Cincinnati  Mila¬ 
cron  Specification  P-57. 

Even  though  these  oils  are  highly  fortified  against 
oxidation,  the  correct  grades  of  CONOCO  Tur¬ 
bine  Oil  should  be  used  on  equipment  handling  or 
exposed  to  highly  reactive  gases,  such  as  hydro¬ 
gen.  This  applies  particularly  to  hydrogen-cooled 
generators  or  compressors. 

Package  Sizes 


55-gallon  drum 

5-gallon  pail  (not available forGrades 320 or 460) 
Bulk 


CONOCO  DECTOL®  R&O  Oil 
Product  Typicals 


ISO  Grade 

32 

46 

68 

100 

iso 

220 

320 

460 

IVN* 

150 

215 

315 

465 

700 

1000 

1500 

2150 

AGMA  No. 

— 

1 

2 

3 

4 

5 

6 

— 

Gravity,  API 

31.5 

30.9 

30.3 

29.8 

29.0 

28.5 

28.0 

27.5 

Flash,  °F.  COC  (ASTM  D-92)  Min. 

380 

400 

440 

455 

470 

490 

520 

535 

Pour  Point,  °F. 

-20 

-10 

0 

5 

5 

5 

5 

10 

Viscosity: 

SSU  @  100°F. 

155 

226 

340 

505 

755 

1120 

1630 

2340 

SSU  @  210°  F. 

44 

48 

55 

64 

78 

95 

119 

148 

cSt  @  40°  C. 

32 

46 

68 

100 

150 

220 

320 

460 

cSt  @  100°C. 

5.2 

6.6 

8.5 

11.0 

14.5 

18.7 

24.0 

30.3 

Viscosity  Index 

100 

99 

98 

98 

98 

98 

98 

98 

Color,  Max.  (ASTM  D-1500) 

2.0 

2.5 

3.0 

5.0 

5.5 

7.0 

7.5 

7.5 

ASTM  Rust  Test  A&B 

- Pass 

"ASTM  Industrial  Fluid  Lubricants,  Saybolt  Viscosity  Grade  Number 


Detailed  physical,  health  and  safety  information  on  this  product  is  available  on  a  Material 
Safety  Data  Sheet  This  MSDS  form  may  be  obtained  by  writing  or  calling  Conoco  Inc., 
Medical  Department,  P  O  Box  1267,  P140-ST,  Ponca  City,  OK  74603,  Phone  (405)  767-6000. 


To  continue  to  provide  superior  quality,  Conoco  reserves  the  right  to  change  the  composition  of  its  products  without  notice. 
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CONOCO  INC. 

HOUSTON.  TEXAS 


Rev  2-87 


Premium  Quality  Turbine  Oils 

CONOCO  Turbine  Oils  are  high-quality,  long 
service-life  oils.  They  are  designed  to  meet  the 
severe  chemical  stability,  antifoam,  and  antirust 
requirements  of  oils  for  steam,  hydraulic,  and  gas 
turbines.  They  also  fill  the  needs  of  the  industry 
for  oil  described  as  “Turbine  Oils”  or  of  "Turbine 
Oil  Quality.”  Turbine  oils,  in  the  required  grades, 
are  recommended  for: 

•  Steam  turbines 

•  Gas  turbines 

•  Hydro-electric  turbines 

•  Electric  motors 

•  Lightly-loaded  hydraulic  systems 

•  Air  compressors 

•  Vacuum  and  deep  well  pumps 

•  Speed  reducers 

•  Lightly-loaded  plain  and  antifriction  bearings 

•  General  purpose  lubrication 

CONOCO  Turbine  Oils  are  manufactured  in  four 
grades.  They  are  fortified  with  balanced  additives 
to  further  improve  chemical  stability  of  the  oil  and 
extend  service  life.  These  oils  have  had  a  distin¬ 
guished  service  record  in  industry  for  many  years, 
yet  they  are  under  constant  research  surveillance 
to  keep  them  second  to  none. 

Customer  Benefits 

•  Highly-refined,  paraffin-base  oils— assure  max¬ 
imum  chemical  stability  and  minimum  effect  on 
seal  materials 

•  High  viscosity  index— provides  low  change  in 
viscosity  over  a  given  temperature  range 

•  Excellent  oxidation  stability  to  give  maximum 
service  life 


•  Separates  quickly  from  water 

•  Excellent  foam  resistance— prevents  erratic 
governor  operation  and  assures  smooth  opera¬ 
tion  of  hydraulic  systems 

•  Superior  rust  corrosion  protection 

•  Good  antiwear  qualities 

•  Low  carbon-forming  tendencies 

•  CONOCO  Turbine  Oil  32  has  superb  resistance 
to  hydrogen  used  as  a  cooling  medium  in 
generators 

•  Exceeds  3,000  hours  oxidation  stability  as  mea¬ 
sured  by  ASTM  D-943  (Grade  32  only) 

Package  Sizes 

55-gallon  drum 
5-gallon  pail  (Grade  32  only) 

Bulk 


CONOCO  Turbine  Oil 
Product  Typicals 


Grade 

32 

46 

68 

100 

IVN* 

150 

215 

315 

465 

ISO/Viscosity  Grade 

32 

46 

68 

100 

AGMA  No. 

— 

1 

2 

3 

Gravity,  API 

32.1 

31.0 

30.8 

30.3 

Flash,  °  F. 

390 

410 

450 

465 

Pour  Point,  °F. 
Viscosity: 

-30 

-25 

0 

5 

SSU  @  100°F. 

155 

226 

340 

505 

SSU  @  210°  F. 

45 

49 

56 

66 

cSt  @  40°  C. 

29-34 

43-49 

63-73 

92-108 

cSt  @  100°C. 

5.4 

6.8 

8.7 

11.3 

Viscosity  Index 

ASTM  Rust  Test 

100 

100  99 

Pass 

98 

Color,  ASTM 

2.0 

2.5 

3.0 

5.0 

Zinc,  P.P.M.,  Max. 

10 

10 

10 

10 

'ASTM  Industrial  Fluid  Lubricants,  Saybolt  Viscosity  Grade 
Number. 

Detailed  physical,  health  and  safety  information  on  this  product  is  available  on  a  Material 
Safety  Data  Sheet.  This  MSDS  torm  may  be  obtained  by  writing  or  calling  Conoco  Inc., 
Medical  Department.  P  O.  Box  1267,  P14G-ST.  Ponca  City,  OK  74603,  Phone  (405)  767-6000 


To  continue  to  provide  superior  quality,  Conoco  reserves  the  right  to  change  the  composition  ol  its  products  without  notice 


60712-H15  CONOCO  INC. 

HOUSTON,  TEXAS 


C5 


Magazine’s 

Exclusive  Chart 


Reprinted  irom  PLANT  ENGINEERING,  June  9,  1983. 
Copyright  1983,  Cahners  Publishing  Company. 

Used  with  permission. 


Interchangeable 

Lubricants 


R.  L.  MARINELLO,  Senior  Editor 


A  reduction  in  the  number  of  lu¬ 
bricants  used  in  an  industrial 
plant,  coupled  with  an  all-out  effort 
to  attain  the  maximum  use  from 
each  lubricant,  should  be  the  main 
objective  of  a  plant  engineering  de¬ 
partment  trying  to  reduce  lubrica¬ 
tion  costs. 

These  goals  can  be  accomplished 
in  a  number  of  ways.  Savings  can  be 
realized  by  consolidating  to  fewer 
types  of  lubricants,  improving  pur¬ 
chasing  methods,  using  better  qual¬ 
ity  lubricants  for  a  wider  range  of 
machinery,  reclaiming  used  lubri¬ 
cants,  and  reducing  losses  from 
leaks. 

Consolidating  to  fewer  types  of 
lubricants  should  be  the  first  aim  of 
a  plant  engineering  department. 
The  first  step  is  to  find  out  how 


many  types  of  lubricants  the  plant 
uses.  Such  a  study  may  reveal  that 
individual  departments  are  speci¬ 
fying  ’"■rious  iubricants  for  their 
own  ,e  when  a  centralized  pur¬ 
chasing  plan  could  help  reduce  the 
variety  by  10  to  30  percent.  Several 
benefits  can  be  realized  by  stocking 
fewer  lubricants:  The  chance  of 
lubricators’  using  the  wrong  prod¬ 
uct  is  reduced,  fewer  personnel  are 
involved  in  requisitioning,  and  in¬ 
ventory  can  be  controlled  more  ef¬ 
fectively. 

Plants  can  consolidate  their  lu¬ 
bricants  and  reduce  inventory  with 
the  help  of  Plant  Engineering 
magazine’s  chart  of  interchange¬ 
able  lubricants.  The  first  chart, 
published  in  our  August  2,  1968, 
issue,  contained  the  names  of  26 
suppliers.  The  chart  in  this  issue, 
the  fifth  update,  contains  the  latest 
information  from  more  than  100 
suppliers. 

Used  properly,  the  chart  can  be  a 
valuable  reference.  It  can  help  the 
engineering  department  identify 
equivalent  lubricant  products  and 
sources  and  can  serve  as  a  guide  for 
consolidating  lubricant  stocks.  Any 
plant  using  more  than  20  lubricants 
is  a  prime  candidate  for  consolida¬ 
tion.  Even  if  fewer  than  20  lubri¬ 
cants  are  used,  further  consolida¬ 
tion  may  be  possible. 

Some  lubrication  suppliers  might 
question  the  advisability  of  using 
viscosity  as  the  prime  guideline  in 
selecting  lubricants.  However,  vis¬ 
cosity  is  one  of  the  most  important 
properties  of  a  lubricant,  and  it  is 
widely  used  as  a  general  selection 
guide.  Viscosity  is  specified  in  sev- 


TABLE  I 

Commonly  Used  Industrial  Lubricant  Viscosity  Ratings 


Plant 

Engineering 

Magazine's 

Designation* 

ISO 

Viscosity 

Grade 

AGMAt 
Grade  No. 
(approx.) 

SAE* 

Viscosity  No. 
(approx.) 

SAE  Gear 
Lubircant  No. 
(approx.) 

Viscosity, 

sus 

at  210  F 
(approx.) 

32 

2 

60 

10 

- 

- 

- 

— 

105 

22 

- 

- 

- 

— 

150 

32 

— 

10W 

75  W 

40 

215 

46 

1 

10 

— 

43 

315 

68 

2 

20 

80W 

50 

465 

100 

3 

30 

— 

60 

700 

150 

4 

40 

85W 

75 

1000 

220 

5 

50 

90 

95 

1500 

320 

6 

60 

- 

110 

2150 

460 

7 

70 

140 

130 

3150 

680 

8 

— 

— 

140 

recommendations. 

fAmerican  Gear  Manufacturers  Association. 
^Society  of  Automotive  Engineers,  Inc. 
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eral  ways.  The  American  Society  of 
Lubrication  Engineers  (/\SLE)  and 
the  American  Society  for  Testing 
and  Materials  (ASTM)  have  estab¬ 
lished  a  standard  viscosity  scale 
based  on  Saybolt  Universal  Seconds 
at  100  F.  A  comparison  of  the  vari¬ 
ous  viscosity  ratings  that  are  com¬ 
monly  used  in  industry  is  shown  in 
Table  I. 

The  current  viscosity  classifica¬ 
tion  system  is  described  in  “Stan¬ 
dard  Recommended  Practice  for 
Viscosity  Systems  for  Industrial 
Fluid  Lubricants,”  ASTM  D2422- 
75.  It  is  based  on  International 
Standards  Organization  (ISO)  vis¬ 
cosity  grade  numbers  (“Industrial 
Liquid  Lubricants — ISO  Viscosity 
Classification,”  ISO  Standard 
3448)  and  is  applicable  to  fluids 
ranging  i'  kinematic  viscosity  from 
2  to  1 500  cSt  at  40  C.  Table  11  lists 
the  18  ISO  viscosity  grades  and 
equivalent  kinematic  viscosity  (in 
cSt  at  40  C)  and  Saybolt  viscosity 
at  104  F  (40  C). 

The  data  supplied  by  the  lubri¬ 
cant  suppliers  merely  identify  what 
products  fall  within  the  lubricant 
designation  and  application.  The 
data  do  not  indicate  the  quality  of 
each  lubricant.  Nor  is  any  attempt 
made  to  imply  what  lubricant  per¬ 
formance  can  be  expected  under  a 
particular  set  of  operating  condi¬ 
tions.  Lubricant  producers  and  sup¬ 
pliers  stress  that  questions  about 
the  effectiveness  of  a  recommended 
substitution  should  be  answered  by 
the  equipment  manufacturer  or  the 
oil  company  application  engineer. 

Outside  of  special  situations, 
however,  most  of  the  lubricant 
products  listed  in  the  chart  can  be 
interchanged.  And,  when  this  prac¬ 
tice  is  possible,  substantial  savings 
can  be  realized  by  reducing  the 
number  of  oils  and  greases  that  fall 
within  a  specific  designation. 

Cost  savings  can  also  be  achieved 
by  improving  purchasing  practices. 
The  plant  should  first  review  pres¬ 
ent  lubrication  consumption  and 
the  anticipated  increase  over  the 
next  5  yr.  If  it  uses  8000  gal  of  a 
particular  lubricant  annually,  or 
6000  gal  of  two  or  more  lubricants 
each  year,  bulk  purchasing  could  be 
practical.  Purchasing  lubricants  by 
the  drum  costs  more.  Additional 
costs  are  involved  in  handling  the 
drums  and  in  the  deposit  charged 
per  drum.  The  deposit  charge  is 


now  approximately  S20  per  drum, 
and  it  may  increase. 

Although  lubricant  costs  are  go¬ 
ing  down  after  the  meteoric  in¬ 
creases  of  the  past  10  yr,  the  costs 
of  delivering  and  handling  are  not. 
Rates  for  delivering  lubricant  in 
bulk  are  lower  than  rates  for  van¬ 
load  shipments  of  drummed  lubri¬ 
cants.  The  plant  engineering  de¬ 
partment  should  evaluate  the  eco¬ 
nomics  of  bulk  lubricant  delivery. 

If  the  plant  is  using  smaller 
quantities  of  two  or  three  oils,  it 
may  not  have  the  potential  for  bulk 
purchasing.  But,  if  a  single,  better 
grade  of  oil  will  work  in  place  of  two 
or  three,  the  gallonage  may  in¬ 
crease  to  the  point  at  which  it  would 
be  wise  to  consider  bulk  purchase. 

Many  lubricant  companies  rec¬ 
ommend  the  use  of  a  higher  grade 
lubricant  to  satisfy  the  needs  of  a 
wider  range  of  machines,  including 
those  that  normally  use  lower  grade 
products.  Such  an  approach  re¬ 
duces  the  number  of  lubricants  as 
well  as  the  number  of  suppliers  and 
also  cuts  down  on  the  space  needed 
for  storage. 

Another  approach  is  to  switch  to 
multipurpose  lubricants  and 
greases  to  lower  overall  costs  and 
improve  machine  performance. 
Multipurpose  lubricants  and 
greases  are  usually  of  better  quality 
than  the  products  they  replace.  The 
improved  quality  means  longer  pe¬ 
riods  of  lubricant  use,  less  total  vol¬ 
ume  of  lubricant  used,  reduced  ap¬ 
plication  cost,  and  less  downtime 
for  maintenance  and  repair. 

With  much  sophisticated  ma¬ 
chinery  already  in  use  in  many 
industrial  plants,  and  more  ex¬ 
pected  in  the  near  future,  the  cost  of 
downtime  can  be  extremely  high. 
The  use  of  better  quality  lubricants, 
even  at  substantially  higher  prices, 
can  be  inexpensive  insurance 
against  costly  equipment  failures. 
In  addition,  the  high  cost  of  down¬ 
time,  plus  high  maintenance  labor 
costs,  necessitates  the  use  of  quality 
lubricants  to  extend  the  machine’s 
productive  capabilities  as  much  as 
possible. 

At  one  time,  oil  leaks  were  a  nui¬ 
sance  that  was  tolerated  because  of 
low  prices  for  oil.  That  is  not  the 
case  today;  the  loss  of  a  few  drops  of 
oil  from  loose  fittings  or  worn  seals 
can  add  up  to  hundreds  of  gallons  in 
a  year.  If  only  one  drop  of  oil  is  lost 
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TABLE  II.  VISCOSITY 
CONVERSION  CHART 


ISO 

Viscosity 

Grade 

Kinematic 
Viscosity, 
Centistokes 
at  40  C 
(104  F) 

Saybolt 

Viscosity, 

SUS  at  104  F 
(40  C)  (approx.) 

2 

1.98-2.42 

32 

3 

2.88-3.52 

36 

5 

4.14-5.06 

40 

7 

6.12-7.48 

50 

10 

9.00-11.0 

60 

15 

13,5-16.5 

75 

22 

19.8-24.2 

105 

32 

28.8-35.2 

150 

46 

41.4-50  6 

215 

68 

61.2-74.8 

315 

100 

90.0-110 

465 

150 

135-165 

700 

220 

198-242 

1000 

320 

288-352 

1500 

460 

414-506 

2150 

680 

612-748 

3150 

1000 

900-1100 

4650 

1500 

1350-1650 

7000 

every  10  sec,  39.6  gal  will  be  lost  in 
a  year.  Should  one  drop  be  lost 
every  second,  the  yearly  loss  would 
be  409  gal. 

Many  industrial  plants  are  seri¬ 
ously  considering  installing  recy¬ 
cling  systems  or  contracting  with 
refiners  offering  reclamation  ser¬ 
vice.  Waste  oils  are  not  now  consid¬ 
ered  hazardous  waste  and  do  not 
fall  under  the  Resource  Conserva¬ 
tion  and  Recovery  Act  adminis¬ 
tered  by  the  Environmental  Protec¬ 
tion  Agency  (EPA).  But  EPA  may 
classify  waste  oil  as  hazardous  in 
the  future  and  write  regulations 
covering  its  disposal. 

Oil  does  not  wear  out;  it  must  be 
discarded  only  when  dust,  dirt,  car¬ 
bon,  chips,  acids,  gums,  sludge,  wa¬ 
ter,  soot,  or  oxidation  products 
cause  the  breakdown  of  unstable 
constituents.  If  these  products  of 
contamination  are  properly  re¬ 
moved,  the  oil  will  be  as  good  as 
new. 

Comparing  the  lubricants  listed 
on  the  following  pages  with  those 
now  used  may  reveal  changes  that 
could  provide  a  company  with  a 
more  efficient,  more  economical  lu¬ 
brication  program. 


PLANT  ENGINEERING’S  CHART  OF  INTERCHANGEABLE  LUBRICANTS 


Plant 

Engineering 

Designation 

ISO 

Vlacoaity 

Qrada 

Lubricant  Typa 

Viscosity, 

SUSat 

100  F 

Advance 

Engineering 

Amalie  Refining  Co. 

( Dlvltlon  of  Wltco 
Chemical  Corp. ) 

Pt-ISO-A 

32 

Light  mhfcrted  HydatAc  &  Gen.  Pupoee 

135-165 

S/ 1066  Sterling  R&O  32 

AMA  04  R&O  100  AW 

Pt-215-A 

46 

Med.  hhixted  HydatAc  &  Gen.  Pupose 

194-236 

S/ 1067  Sterling  R&O  46 

AMA  04  R&O  200  AW 

PE-315-A 

68 

Med.-Heevy  WHbrted  Hyd.  &  Gen.  Pupoee 

284-346 

S/ 1069  Sterling  R&O  68 

AMA  04  R&O  300  AW 

PE-700- A 

150 

Heavy  Inrtbrted  HydaiAc  &  Gen.  Purpose 

630-770 

S/ 1071  Stertng  R&O  150 

AMA  04  R&O  800  AW 

PE-1504IP 

32 

High-Pressure  ( Anti-  Wear)  Hydraulic  Oil 

135-165 

S  1064  Sterling  P&C  AW  LP  32 

AMA  Oil  R&O  100  AW 

PE-215-HP 

46 

ngh-Pressure  '  Ami-Wear)  Hydraulic  Oil 

194-236 

S  1066  Sterling  R&O  AW  LP  46 

AMA  Oil  R&C  200  AW 

PE-315-HP 

68 

Hgn-Pressure  !  Anti-Wear)  Hydraulic  Oil 

2S4-346 

S  1 068  Sterhng  R&O  AW  LP  68 

AMA  Oil  R&C  30C  AW 

PE-FRH-1 

— 

Fre-Resstant  Hyd.  Flud /Synthetic 

(43 

(ft 

PE-fRH-2 

— 

Fre-Res«slant  Hyd.  FUd/ Water-Glycol 

M3 

M3 

PE-fRH*3 

- 

Fre-Ftes.  Hyd.  Ruid/Water-04  Envision 

■ft 

NR 

PE-32-6 

2 

Very  Lgnt  Spindle  Oil  f  Over  6000  rpm) 

29-35 

S  1C26  Sterne  Sen  die  2 

NR 

PE-60-B 

10 

Light  Spindle  Oil  ( 360CA6000  1  om) 

54-66 

Sr  '057  Sterling  Sfmce  ‘C 

NR 

PE- 105-8 

22 

Spindle  Oil  ( Up  to  36C0  rprrv 

95-'l5 

S'  1063  Sterling  Sp.ndte  72 

r,F 

PE-150-C 

32 

Light  Way  Oil 

135-165 

M3 

Bar  &  Char'  O'! 

PE-315-C 

68 

Medium  Wav  04 

284-346 

S/106CWfcyk4je68 

NR 

PE-IOCO-C 

220 

Heavy  Way  04 

900-’100 

S/ 1082  Waykee  22C 

NR 

PS-700-D 

150 

Light  Gear  Oil 

630- 7 70 

$/  406o  Gear »_ jt>s  i Sl 

32C  MT  ,jce 

PE- 1000-0 

22C 

Medium  Gear  Oil 

900- 'IOC. 

S'  1087  Gear  Lube  EF  22C 

SMG  9C' 

9E-215C-0 

*60 

Heavy  Gear  CM 

'935-2365 

5-  '089  Gear  t  jee  Er  460 

£U  n  'A  n 

V«Vl\J  1 

PE-215-E 

fj3 

Lighi  ExtremfrPresaurp  Gear  Oi 

283-347 

S/ 1084  Goa'  Luce  JP  68 

tp 

P6-1500-E 

22N 

Heavy  txtrsmaflrsesura  Gear  Oil 

1350-1650 

Sr  1088  Gear  Luoe  E?  320 

TrvVis  Plus 

Pf-OG-G 

-• 

Ciing-iOpe  Gear  Shied  (Open  Gears'. 

Ciingshiielc  220 

NR 

PE-GPG-2 

— 

Gen.  Purpose  E.F  ijtvurvQaee  Grease 

NLGI2 

Ml 

All  Purpose /Mbiy 

PE-WG-? 

- 

Molyooenurr  Disudde  E.P  Grease 

NjG 

A!'  Purpose  Mo 

Plant 

ISO 

Vlacoeity, 

Engineering 

Viscosity 

SUSat 

American  Petroleum  and 

Designation 

Grade 

Lubricant  Type 

100  F 

Chemical  Ccrp. 

Amoco  Oil  Co. 

PE-150-A 

32 

Lgnt  Wvbrted  HydraUic  &  Gen.  Pupoae 

135-165 

McdtARube  303  04 

American  Ind.  04  #32 

PE-2-5-A 

46 

Med.  nforted  Hydraulic  &  Gan.  Purpose 

194-236 

MocUe-Luoa  304  04 

American  Ind  04  #46 

PE-31VA 

68 

Med  -Heavy  Inhtotad  Hyd  &  Gan.  Purpose 

284-346 

Module-Lube  305  Oil 

American  Ind.  On  #68 

PE-/ OO- A 

150 

neavy  Inrtbrtud  Hydaic  &  Gen.  Pupoee 

630-770 

MoAte4ajbe  SD-40  OI 

American  Ind  04  #150 

PE-150-HP 

32 

Hgn-Pressure  f  Antt-Wear)  Hydaulic  Oil 

135-165 

Moduie-Luoe  3C3  Oil 

Pykpn  Oil  #32  or  .Amocc  AW  32 

PE-215-HP 

46 

Hgn-Pressure  t  Anti-Wear)  Hvdaulic  Oil 

194-236 

Mcduie-Luca  304  Oi! 

Rykcr  Oil  #46  or  Amocc  SW  46 

PE-C15-HP 

68 

Hgh-pvessure  ( Ar.ti-Wear)  Hydraulic  Oil 

284-346 

Module-Luce  305  Oil 

Pykor  Oil  #68  or  Amocc  aw  &= 

PE-B*M 

— 

Fre-fiesstant  Hyd.  RJd/Syrthetfc 

PRC  Phosphate  Ester 

Amoco  PR  Fud  PE 

PE-FRH-2 

— 

Rire-Reeetarrt  Hyd.  Flud/Water-G&cd 

FPC  Water  Ester 

Amoco  FR  Ruid  WG 

PE-««;3 

— 

FffrRes.  Hyd.  Fl»d/ Water  <X  Envision 

NF 

Amocc  FR  Fluid  WO 

PE -32-8 

2 

/ery  Lgnt  Spindle  Oil  ( Over  6000  rpmj 

29-35 

Moduie-Luoe  290  C"i 

Amocc  Spmdle  Oil '  a 

PE-608 

«  -i 

L>ght  Spincte  Oil  :  360C-6000  rpm) 

54-66 

Module-LuPe  00 1  Oil 

Amoco  Spindle  04 '  A 

PE-105-8 

d2 

Spinole  Oil  i  Up  to  .•600  Txni 

95'15 

Moduie-Luoe  302  Oil 

Amoco  Spindle  Oh  "C 

PE-150-C 

32 

Light  Way  04 

135-165 

ModtieLube  SO- 10 

Waytac  04  #32 

PE-3I5-C 

68 

MedunWay  OS 

284-346 

ModUe-Lube  Way  04  47 

Waytac  04  #68 

PE-fOOO-C 

220 

Heavy  Way  04 

900-1100 

ModiieLube  Way  04  50 

Waytac  04  #220 

PE-7CXH) 

•50 

Light  Gear  On 

630-770 

Module-Lube  SO-40  On 

American  ind  On  #’5C 

PE-100W) 

22C 

Medium  Gear  Oil 

9OO-H0O 

Moduie-Luoe  SD-50  Oil 

American  Ind.  On  #220 

PE-2150-0 

460 

Heavy  Gear  Oil 

1935-2365 

Module-Lube  AG-200  Oil 

American  Ind  04  #460 

PE-315-E 

68 

btfit  Extfeme-Pressue  Gear  04 

283-347 

ModteeLii»  SO-20 

Parmagear  or  Amogear  EP  68 

PE-1500-E 

320 

Heavy  Extreme-Pressue  Gear  OI 

1350-1650 

ModUe  tube  123  Gear  04 

Permagear  or  Aimogear  EP  320 

PE-OG-G 

- 

Clmg-Type  Gear  Shield  (Open  Gears) 

Module  Lube  Open  Gear  Grease 

Amoco  Compounc  #9 

PE-GPG-2 

- 

Gen.  Purpose  E.P.  Ut*nv8ase  Grease 

NLSI2 

Module  Lii»  7  Pius  freese 

Amoiilh  Grease  #2  EP 

PE-MG-2 

- 

Molybdenum  Disulfide  E  P  Grease 

Module  Lube  BR8  77  Grease 

Amoco  Super  Chassis  Grease 

‘f5  -Nc  wrumsw 

Y'  .oriar  wnw  WTMi  mtfv  t'xrc  r  «t«  »oncATB  -cr~xiaiec  -o 
m  irtwirr  vtMc  «i  mv  uny 

*  -  3*  awc  9C  *<*.  vt3  '<C  4/i» 


1  Not  CAM  Cul  «3UW5  j  8«C**JI  SCOfeCBtor  'BOJTSmRT-B 
4  p*ls  afitt  sweated  vwcowry  rwgg  out  T*§ts  inobr^oor  '■eourenerts 
*  Not  rc*V  JMM  cm  *i  S*CR  appkabon  ^Ourwnars 


1)4 


American  Industrial 

The  American 

American 

R**«arch  Corp. 

American  Industrie*,  Inc. 

Lubricant*  Co.  ( Alubco ) 

Lubricant*,  Inc. 

American  Oil  A  Supply  Co. 

NR 

253  #10  R&O  Hyd.  01 

Moly  Hyd.  Ol  #32 

160  Hyd.  01  (R&O) 

PQ32 

NR 

253  #15  R&O  Hyd.  Oil 

Moly  Hyd.  Oil  #46 

200  Hyd.  Oi  (R&O) 

PQ  46 

NR 

253  #20  RAO  Hyd.  Oil 

Moly  Hyd.  Oil  #68 

300  Hyd.  Oil  (R&O) 

PQ68 

NR 

253  #30  RAO  Hyd.  OH 

Moly  Hyd.  Oil  #150 

650  Hyd.  04  (R&O) 

PO  150 

NR 

255  #  10  AW  Hyd.  Oil 

Moly  Hyd.  Oil  #32 

160  AW  Hyd.  Oil 

PQ  32 

NR 

255  #15  AW  Hyd  Oil 

Moly  Hyd.  Oil  #46 

200  AW  Hyd.  Oil 

PQ  46 

NR 

255  #20  AW  Hyd.  Oil 

Moly  Hyd.  Oil  #68 

300  AW  Hyd  Oil 

PQ  68 

NR 

NR 

IR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

254  FR  Hyd.  Oil 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

Rexlube  Spindle  Oil  Light 

273  Spindle  Oil  #1 

NR 

Spindle  Oil  60 

PQ  Spindle  Oil  5 

NR 

273  Spindle  Oil  #2 

Moly  Spindle  Oil  #22 

Spindle  Oil  100 

PQ  Spindle  Oil  10 

NR 

516  Way  Lube  #10 

Moly  Special  Way  Lube  #32 

NR 

NR 

Rexlube  #20 

516  Way  Lube  #20 

Moly  Special  Way  Li£e  #68 

Medun  Way  Lube 

POL  30 

RexUDe  #90 

516  Way  Lube  #50 

Moly  Special  Way  Lifte  #220 

Heavy  Way  Lube 

POL  90 

Rexlube  #30 

322  Ind.  GO  #40 

Moly  Ultra-Tec  Gear  Lube  80W90 

Gear  Oil  Light 

PQ  AGMA  4EP 

Rexlube  #95 

322  Ind.  GO  #90 

Moly  Ultra-Tec  Gear  Lube  90 

Gear  Oil  Medium 

PO  AGMA  5EP 

Rexlube  #145 

322  Ind  GO  #140 

Moly  Ultra-Tec  Gear  Lube  140 

Gear  Oil  Heavy 

PQ  AGMA  7EP 

Rexlube  #20 

325  BIG  7  80W90 

Moly  Ultra-Tec  Gear  Lube  80 

EP  300  Gear  Oi 

PQAGMA2EP 

Rexlube  #140 

325  BIG  7  85W140 

Moly  Ultra-Tec  Gear  Lube  85W140 

EP  1500  Gear  Oi 

POAGMA6EP 

Rexlube  OGH 

336  Open  Gear  W' Tacky 

Bison  38 

Super  Gear  Shield 

PQ  Open  Gear  DSL 

Rexlube  #2 

556  MP  Beamg  Grease 

#2  EP  Lift  Grease 

PQC  4005-2 

Rexlube  #2 

557  A-33  Moly  Grease 

Moly  Deluxe  #2 

MOS2  Grease 

PQC4001-F 

Andaraon  Oil 

Arco  Petroleum 

Ashland  Oil,  Inc. 

Baum’* 

A  Chemical  Co. 

Products  Co. 

Valvollna  Oil  Co. 

Autollna  Lubricants  Inc. 

Castorln*  Co.,  Inc. 

Winsor  Hyd  Oil  43 

Ouro  32 

ETC  (RAO)  #15 

Terrapn  32  R&O 

Tena-Rm  #150-TH  Oi 

Wnsof  Hyd.  Oi  45 

Duro  46 

ETC  (R&O)  #20 

Terror  46  R&O 

Tana-Rm  #30OLTH  Oi 

Wnsor  Hyd  Oil  52 

Ouro  66  > 

ETC  (R&O)  #30 

Torrapr  68  R&O 

Tena-Fim  #30GMTH  Oi 

NR 

Duro  117  or  150 

ETC  (R&O)  #70 

Terrapin  150  R&O 

Tena-Rm  #400-TH  OI 

Winsor  Hyd  Oil  43  AW 

Duro  AW  32 

AW  Oil  #15 

Terrapin  32  AW/ Super  Blue  32  AW 

TenaFilm  #150-TH  Oil 

Winsor  Hyd  Oil  45  AW 

Duro  AW  46 

AW  Oil  #20 

Tenapin  46  AW /Super  Blue  46  AW 

Tena-Film  #30(RTH  Oil 

Winsor  Hyd  Oil  52  AW 

Duro  AW  68 

AW  Oil  #30 

Terrapin  68  AW/Soper  Blue  68  AW 

TenaFilm  #300-MTH  Oil 

Starlit  EM 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

DuoFR+O 

NR 

NR 

NR 

NR 

NR 

NR 

Spindle  Oil  2 

NR 

Wins or  Hi-Speed  Spindle  Oil 

Diamond  7 

NR 

Spindle  Oil  10 

NR 

Winsor  Spindle  Oil  4 

Diamond  20 

ETC  (R&O)  #10 

Spindle  Oil  22 

Tena-Rm  #100-TH  Oil 

NR 

Inside  32 

WaytubeCHW-15 

way  Lube  32 

Tane-Rm  #£P-150-ST  Oi 

Winsor  Way  Oil  IL 

Tna4de68 

Waytube  W-30 

Way  Lift*  68 

TenaFilm  #EP-30OST  Oi 

NR 

Truside  220 

Waylube  W-100 

Way  Lube  220 

TaneFim  #EP-1000-ST  Oi 

Winsor  Gear  Oil  80 

Duro  1 17  or  150 

ETC  (R&O)  70 

Terrapin  150  AW 

TenaFilm  #400-TH  Oil 

Winsor  Gear  Oil  90 

Duro  220 

ETC  (R&O)  100 

Terrapin  220  AW/MP  80W-90 

TenaFilm  #500-TH  Oil 

Winsor  Gear  Oil  140 

Rubilene  460 

ETC'(R&0)  200 

Terrapin  460  AW/MP  85W-140 

TenaFilm  #2500-TH  Oil 

NR 

Pennant  Nl  68 

NR 

hduaftal  EP  Gear  68 

TeneF*n#EP-30fcSTOi 

Hodaon  Metateoi  41 1 1 

PamantM.  320 

NR 

MuaM  B>  Gear  320 

TanaFfcn  #€P-1400  OI 

Hodson  Metalcoil  A  185 

Jet  Lubricant  TM 

NR 

SyTx.ote  Open  Gear 

TenaFilm  Moly  OG  Comp  #0-8470 

NR 

Liftoine  PEP  2 

NUWube  UftuTi  EP  Grease 

Uft»mEP#2 

TeneFin  Grease  #2  S’ 

Hodson  Nomelt  2254 

EP  Moly  D  Grease  #2 

Special  Moly  EP  Grease 

Moly  Lift  EP  #2 

TenaFilm  Moly  Compound  #0-23 

6  Stop!  phowhit*  KkH  ivMtm 

r  four  v«co**y  gradta  9  Syr***  tircrU 

7  AvutaOft  r  hangs  ot  vwxerMa 

Ai  pronuca  tomftMd  frorr  pycor  Oil*  ttxu 

9  vanu  SO  jm 

vwm  product  m  mm  bum 
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Plant 

ISO 

Viscosity, 

Engineering 

Viscosity 

SUSat 

Designation 

Grade 

Lubricant  Type 

100  F 

Bel-Ray  Co.,  Inc. 

Benz  Oil  Co.,  Inc. 

PE-150-A 

32 

Light  Inrtbrted  Hydraufc  &  Gen.  Purpose 

135-165 

BeFRay  AW  Lube  #0 

Peealube32 

PE-215-A 

46 

Med.  Wittled  Hydraufc  &  Gen.  Pirpose 

194-236 

BeFRay  AW  Lube  #  1 

Petralube46 

PE-315-A 

68 

Med.-Heavy  Irritated  Hyd.  &  Gen.  Pvzpose 

284-346 

BeFRay  AW  Lube  #2 

Petralube68 

PE-700-A 

150 

Heavy  Irritated  Hydraulic  &  Gen.  Purpose 

630-770 

BeFRay  AW  Lube  #4 

PetraJube  150 

PE-150-HP 

32 

High-Pressure  i  Anti-Wear)  Hydraulic  Oil 

’35-165 

Rayiene  AW  Hyd  Fluid  80 

Petrauiic  32 

PE-215-HP 

46 

High-Pressure  (Anti-Wear)  Hydraulic  Oil 

194-236 

Rayiene  aw  Hvd  Fluid  3 1 

Fetraulic  46 

PE-315-HP 

68 

High-Pressure  (Anti-Wear)  Hydraulic  Oil 

234-346 

Rayiene  aw  Hyd  Fluid  u2 

Detraunc  68 

PE-FHH-1 

— 

Fre-Resrstant  Hyd.  Fluid/ Synthetic 

BeFRay  "No  Flame"  Hyd.  Flud  S 

NR 

PE-FRH-2 

— 

-Fre-Resisiant  Hyd.  Fluid /Water -Glycol 

NR 

Petrauiic  3u-Sa‘e  FR-AW 

PE-FRH-3 

— 

Fre-Res.  Hyd.  FVjd,  Water -Oi  Emulsion 

BeFRay  "No  Flame"  Hyd.  Flud  E 

NF 

PE-32-6 

2 

Very  Light  Spindie  Oil  -  Over  6000  rpm) 

29-35 

Rayiene  £P  Spncie  Ori  Light 

NF 

PE -60-8 

10 

Light  Spindle  Oil  (  360G-600C  T-m) 

54-66 

Favene  EP  Sctnoie  O  i  Med 

Pet'ZoOe^z  rL( 

PE- 105-8 

22 

Spmdle  Oil  1  Up  tc  36u0  rpm) 

95-H5 

:iav!ene  EP  Spm.tH  Oil  Hea»y 

*  ■  Y 

PE-150-C 

32 

Light  Way  Oil 

135-165 

Rsyteno  EP  Lice  #  1 

NR 

PE-315-C 

£3 

Meckun  Way  Oil 

284-346 

Rayiene  EP  Litre  #2 

Petac  68 

re-1000-c 

220 

Heavy  Way  Ori 

90G-110C 

r  «iv.  -s*  EP  Litre  #5 

Hetac  220 

PE-700-0 

150 

Light  Gear  Oil 

630-770 

Rayiene  EP  Lube  ”2 

Pjtrauk  150 

PE-1000-0 

220 

Medium  Gea.'  Oil 

900-: ’00 

Hp.-ie-  -  tP  Lure  j?5 

i’enulK.  220 

Pi.- 2  i5C-0 

46C 

Heavy  Gear  Oil 

1935  2365 

HavlW  *rr  LjSDc  Z? 

46C 

PE-3158 

68 

Light  Extriime-PressLn*  Gear  Oil 

283-347 

Berffcv  100  Geer  Oi  #50 

Gearo!  68 

PE-1S00-E 

320 

Heavy  Extreme-Press^ a  Gear  Oi 

1360-1650 

Bel  fey  100  Gear  Oil  390 

Gearoi320 

PE-OG-G 

— 

Cling- 1  /pe  Gear  Shied  :  Open  Gears) 

Be!-Ra»  A„.c  Of  an  Gear  i.uDe  si 

P'.rrA''  lube  ' 5" W 

PE-C**i-2 

— 

Gen.  Purpuse  EP.  Lithneesse  Urease 

MU  2 

Temaisne  EP  Grease  #2 

MtitFSewcfr  EP  tt2 

PE45C-2 

— 

Molyocenum  CisuiMe  t  P  Grease 

Svr'-'-u::-'  10€  EP  Grease  *r2 

MCiV 

Plant 

ISO 

Vlscoaity, 

Engineering 

Viscosity 

SUS  at 

Designation 

Grade 

Lubricant  T  ype 

100  F 

Certified  Laboratories 

Champlin  Petroleum  Co. 

PE-1504 

32 

Light  inhbrted  Hydraulic  &  Gen.  Purpose 

135-166 

HOC  32  or  Muitoi  5VF20 

HydrpiR&O  150 

*5-21 3-A 

46 

Med.  'nhbrted  HydraiAc  &  Gan.  Purpces 

194-236 

HOC  46  or  MtiW  5W-20 

Hydrol  R40  215 

FC-315-A 

68 

Med. -Heavy  hhtated  Hyd.  4  Gan.  Pupoee 

284-346 

HOC  06 

nydrol  R40  315 

Pe-700-A 

150 

Heavy  Irritated  Hydraufc  &  Gen.  Ft/pose 

630-770 

HOC  150 

Hydrol  RAO  700 

PE-150-HP 

32 

High-Pressure  ( Anti-Wear)  Hydraulic  Oil 

135- 165 

HOC  32  :r  HC  OP  10W-30 

Hydrol  AW  ‘50 

PE-215-HP 

46 

High-Pressure  ( Anti-Wear)  Hydraulic  Oil 

’94-236 

HOC  46  or  r  -'0?  ’0W-30 

Hydrol  AW  2 '5 

PE-315-HP 

63 

Hgh -Pressure  ( An;, -Wear)  Hydraulic  Oil 

284-346 

HOC  58  or  i-lTOP  10W-3C 

Hyorcl  AW  3 1 5 

PE4W4-1 

— 

Fre-Resstant  Hyd.  Rud/Syrtretfc 

t* 

NR 

PE-FRH-2 

— 

Fre-Resetant  Hyd  Rurf/WHrGJyool 

NR 

PE-rTSH-3 

— 

Fre-Res.  Hyd.  FUd/Watar-OI  EmJston 

NR 

NR 

PE-32-8 

very  Light  Soinole  Oil  !  Over  6000  rpm) 

29-35 

NR 

NR 

PE-608 

•o 

Light  Spindle  Oil  1 360C-6000  rpm) 

54-66 

SOC  ’0 

NR 

PE- 105-6 

22 

3p>ncle  Gil  '  Lc  to  360C  rom) 

951 ’5 

SOC22 

vanioi  a 

PE-1SOC 

32 

ugtii  Way  Os 

135-166 

bfi 

Hydrol  AW  150/Vantoi  A' 

PE-315-C 

68 

Medwti  Way  Oil 

284-346 

WIC68 

Hydrol  AW  215/Vantol  B’ 

PE-IOOOC 

220 

Heavy  Way  Oi 

900-1100 

WLC220 

NR 

PE-700-0 

150 

Light  Geer  Oil 

630-770 

HOC  150 

Hydrol  RAO  700  GL  Plus  80W-9C 

PE- 1000-0 

220 

Medium  Gear  Ori 

900-1100 

HOG  220 

Hydrol  R&O  ’000 

PE-2 150-0 

460 

He-jv,  Gear  Oil 

19352365 

Certop  85W-140 

GL  Plus  35W-14C 

PE-3158 

60 

Ughl  ExtremfrPreesure  Gear  OI 

263-347 

NR 

Champfc  Gear  Oi  6650 

PC-15008 

320 

Heevy  Exteme-Prsssire  Gear  Oi 

1350-1660 

Prisnomervol  80MF140 

NR 

PE-OG-G 

— 

Chng- ryoe  ■  iear  SHeld  (Open  Gears! 

NR 

NR 

PE-GRQ-2 

— 

Gen  Purpoee  E.P  Litun-Baes  Grease 

Mm  2 

Ca-24B>2 

Pyrois** 

PE-MG-2 

— 

Molybdenum  Disuirioe  E  P  Grease 

Premaiube  EP2  or  CC1.-500  EF2 

fieluxe  With  Moly 

f-t4  pr  .-Mr. ,  *~rw‘Xirrr 

-XIH6  nr/  or ur  **ress  xtYrs^  m/vj  r  «av  ’ 

-rrxjn afcr  .vta**  4  aoc  »a»  »£r»Ari 
i  'r.!x  £rr4  jv*r,  T  '2*  .ysl  '<  41”  '«•  rr#n»' 


‘r:  **'«/-  Oiv-  EM  AOueh  *  *««**»5S  lOOPLRiry  •-«  AJf«r'Hr  :>. 

4  ‘•1*$  nu&de  -t<euhei2  v«c..si:,  umje  a/  ’wei*.  *r-3 f*-r  'Nt>jr<rT>?rfe. 
1  Nr1  cyA  jtmss  to  *».js  i^cfcavr-  '»oi*ener'i> 


BP  Oil  Inc. 

Brook*  Technology  Co. 

Cambridge 

Technical 

Center 

Cato  Oil  &  Greaaa  Co. 

Century  Hulburt  Inc. 

EnergciHP32 

VersataneGOO 

MoiyHyd.  150 

Pawnee  R&O  Ind  Oi  A.5 

Huktaiic  150 

Energoi  HP  46 

Versaiene610 

Moly  Hyd.  225 

Pawnee  R&O  Ind.  Oi  B 

Huidraufic215 

Energoi  HLP  68 

Versalene  620 

MoiyHyd.  315 

Pawnee  R&O  Ind.  Oi  C 

HuUrauBc  315 

Energol  HLP  150 

Versalene  630 

MoiyHyd.  700 

Pawnee  R&O  Ind.  Oi  E.5 

Hukjrauk:  700 

Energol  HLP  32 

Versalene  600 

Moly  Hyd.  AW  150 

Mystik  AW/AL  Hyd  Oil  10 

Huldraulic  150 

Energol  HLP  46 

Versalene  6 10 

Moly  Hyd  AW  225 

Mystik  AW/AL  Hyd  Oil  10 

Hulclraulic  215 

Energol  HLP  68 

Versalene  620 

Moly  Hyd  AW  315 

Mystik  AW/AL  Hyd.  Oil  20 

Huldraulic  3 15 

mr 

'nr 

Sal-T-Lube  3 

MR 

MR 

NR 

MR 

Srl-A-Col  200 

MR 

MR 

NR 

Versalene  650 

Saf-T-Lube  FR 

NR 

Huisafe  600 

Energol  HLP  2 

NR 

#3  Moly  Spindle 

Twin  Disc  Torque  Convertor  Fluid 

NR 

Energol  HLP  10 

NR 

#60  Moly  Spindle 

Mystik  Hyd.  Jack  Oil  R&O 

NR 

Energol  HLP  22 

NR 

# 1  Moly  Spindle 

Pawnee  R&O  Ind.  Oil  A 

NR 

Energol  HP  32’ 

NR 

Moly-Way  #15 

Mystic  AW/AL  Hyd.  Oi  10' 

NR 

Energol  HP  68€ 

MR 

Mofy-Way  #3 

Mystic  Anti-Leak  Ind.  Oi 

NR 

Energol  HP  220C 

Slide  &  Way 

Moly-Wav  #9 

Mystic  JT-7  80/90 

NR 

Energol  HLP  150 

Lifeguard  55 

Moly-Gear  750 

Pawnee  R&O  Ind.  Oil  E  5 

Hulbest  70 

Energol  HLP  220 

Lifeguard  70 

Moly-Gear  990 

Pawnee  R&O  Ind.  Oil  F 

#32  Gear  Oil 

Energol  HP  460 

Lifeguard  1 10 

Moly-Gear  2250 

Pawnee  R&O  Ind.  Oil  H 

#33  Gear  Oil 

Gearep  80 

Lifeguard  40 

Moly-Gear  EP  325 

Cato  hd.  EP  Gear  ISO  68 

Hufoest  50 

Gearep  80W-140* 

Lifeguard  90 

MolyGear  EP  1500 

Cato  Ind.  EP  Gear  ISO  320 

#31  Gear  Oil 

Gearep  OG 

Kfinofast  85 

Moly  Open  Gear  #  1000 

Ca-Gerr  1 

#28  -Gear  Oil 

Bearing  Gard-2 

Ptexatene  726s 

#2  Wl  Grease 

Mystic  JT-6  Hi-Temp 

Replex  GP-EP 

Bearing  Gard-2 

Plexalene  725-MO 

#2  ML  Grease 

Moly  Lithflex  CX  All  Season 

Hullith  Ep-2  Moly 

Cling  Surface 


Chemtool,  Inc. 

Chevron  U.S.A.,  Inc. 

Cities  Service  Co. 

Co.,  Inc. 

Conoco  Inc. 

Hydro  #15 

GST  Oi  32 

Citgo  Pacemaker  32 

HYOOi  10 

Dectol  R&O  Oi  32 

Hydro  #25 

GSTCK46 

Crtgo  Pacemaker  46 

HYOOi20 

Decloi  R&O  Oi  46 

Hydro  #3 

GST  Oi68 

Crtgo  Pacemaker  68 

NR 

Dectol  R&O  Oi  68 

Hydro  #7 

AW  Machine  Oi  150 

Citgo  Pacemaker  150 

MR 

Dectoi  R&O  Oi  150 

Hydro  AW  a  15 

AW  Hyd  Oil  32 

Citgo  Pacemaker  XD-32  or  AW  Hyp  Oil  32 

AW  Oil  10 

Super  Hyd  Oil  32 

Hydro  AW  #225 

AW  Hyd  Oil  46 

Citgo  Pacemaker  XD-46  or  AW  Hyd  Oil  46 

AW  Oil  20 

Super  Hyd  Oil  46 

Hydro  AW  #315 

AW  Hyd  Oil  68 

Citgo  Pacemaker  XD-68  or  AW  Hyd.  Oil  68 

NR 

Super  Hyd  Oil  68 

Syn.  Hyd.  Fluid  ( SHF) 

NR 

MR 

MR 

Mi 

Chemtool  #900 

MR 

Citgo  Gfycoi  FR-40XD 

MR 

FCFlud 

Emulsion  Hyd.  Fkid  (EHF) 

FRFludD 

Citgo  Invert  FR  Fluid 

MR 

FRFkjd 

c30  Spindle  Oil 

NR 

NR 

NR 

TD  Torque  Fluid* 

-60  Spindle  Oil 

aw  Machine  Oil  10 

NR 

NR 

GP  Spindle  Oil  7* 

- 100  Spinale  Oil 

AW  Machine  Oil  22 

NR 

NR 

Super  Hyd  Oil  22 

#15  Way  Lube 

NR 

NR 

MR 

Dectol  R&O  0132’ 

#3  Way  Lube 

Vistac  Oil  68X 

Citgo  SBdeFtile  68 

NR 

HD  Way  Lube  31 

#9  Way  Lube 

Vislac  Oil  220X 

Citgo  SMente  220 

MR 

HD  Way  Lube  92 

3750  Gear  Oil 

AW  Machine  Oil  150 

Citgo  Pacemaker  150 

NR 

Dectol  R&O  Oil  150 

»990  Gear  Oil 

AW  Machine  Oil  220 

Citgo  Extra  Duty  Circ  Oil  220 

NR 

Dectol  R&O  Oil  220 

32250  Gear  Oil 

NL  Gear  Compound  460 

Citgo  Extra  Duty  Circ  Oil  320 

NR 

Dectol  R&O  Oil  460 

EP  325  Gear  Oi 

M.  Gear  Compound  68 

Citgo  EP  Compound  68 

APG9C 

Gear  Oi  68 

EP  1500  Gear  Oi 

M.  Gear  Compound  320 

AGG90 

Gear  Oi  320 

Open  Gear  #  1000 

Pinion  Grease  MS^ 

NR 

NR 

Cogrease  L  Lube 

White  HP  U*iun 

■gasEaEgaa 

Citgo  Pram.  Lithium  EP  Grease  #2 

lrthiun#2EP 

EP  Conoilh  Grease  2 

Moly  Lithium  Grease 

Molv  Grease  2 

Citgo  Exlra  Range  Grease 

NR 

Super  Lube  M  Grease 

*  Dfioscnase  esie*  \X&  avAiiac*  n  four  viscosity  grades  3  Sample  Uxr.ar»ts 

Avaiao*  r  range  ol  vt$to$jf«  ’°  Ai  products  tomuated  from  potyafcyvre  yycot  Due  stocks 

8  v»oui  SC  »ao«  '  M-vacua  orodud  Out  «<tt  MOt 


D7 


PLANT  ENGINEERING  S  CHART  OF  INTERCHANGEABLE  LUBRICANTS 


PUnt 

ISO 

Vlecoalty, 

Engineering 

Viscosity 

SUSat 

Cook*  Industrial 

Designation 

Grade 

Lubricant  Type 

100  F 

Convoy  Oil  Corp. 

Lubricants,  Inc. 

PE-150-A 

32 

Light  inrtbrted  Ft>crauiic  &  Gen.  Purpose 

135-165 

Con  HY  616 

Afcav*8 

PE-215-A 

46 

Mod  inhibited  Hyc»aul*c  A  Gen  Purpose 

194-236 

Con  HY  128 

A Jbavis  10 

PE-31 5-A 

68 

Med  -Heavy  inhcded  Hyd  A  Gen.  Pupoee 

284-346 

Con  HY  138 

Aloev«s20 

PE-700-A 

150 

heavy  hhbrtea  Hydra uac  A  Gen.  Pi/pose 

63G-77Q 

Con  HY  178 

AJbevs  40 

PE-150-HP 

32 

Hiqh-Pressure  ■  Anti-Wear)  Hydraulic  Oil 

35-165 

Con  HY  6  8 

Albavis  8  hyd  On 

PE-21 5-HP 

46 

High-Pressure  ;  Arti-weari  Hydraulic  Cii 

134-236 

Cor  HY  128 

Albavis  10  Hyd  Oii 

PE-315-HP 

66 

higr-Pressure  ;  Anti-Wear'  Hydraulic  Gil 

2S4-3U6 

Con  HY  136 

Rioavis  20  Hyd  Oil 

PE-FRH-1 

— 

Rr&riesetant  Hyd  Find /Synthetic 

3yri  Con  FR  Fluid 

MR 

PE-fRH-2 

— 

Fre-ftssstant  Hyd  Find/' Water-Glycol 

Convoy  FR  Fyd  WG 

MR 

PE-fRH-3 

— 

Fre-fles.  Hyd.  Rutd.  Water -CH  Emulsion 

'Convoy  HR  Run  WC 

Ml 

PE-32-8 

"T 

C 

Very  i.ight  Spinoe  Oil  'Over  6000  rpm, 

29-26 

Spinhee  XL 

NP 

PE -80-8 

IQ 

Light  Soindle  0:  36CC-600C  "jo-i  ) 

>'.-66 

v"ihlfMa 

Spncio  Oil  70 

PE-ics-e 

it 

Spindle  Oil  1  Lie  V  360C  'pmi 

95-: '5 

VTf’Gvi  V 

SCinoie  0 1  "5 

PE-150C 

32 

Light  Way  Oti 

135-165 

■VayluDe  ’6Ci 

Way  -JD6  3 

PE-o'.5-w 

68 

Medwm  Was  04 

-84-V6 

Wayite  3 1C 

Way  Lube  20 

PE-1000-C 

220 

1 -leavy  Way  CV 

90C>-'iOG 

Waytuhe  lOOC 

Way  LiiXi  50 

PE- 7  00-0 

150 

u  gri  Gea'  Oil 

63C-770 

Conep  'C80 

EP  Gear  LjDe  SC: 

Pt-toro-D 

Medium  Gea'  Oil 

90C--  -..0 

Conec  '290 

EP  Gear .  „oe  90 

P£-"’5' 

•i  80 

’  -.  rJli  V  C ?■&  ->l! 

’925- 2363 

Ccnep  .40 

cP  'Gear  i.uoe  '40 

PE-31F-5 

55 ' 

..grit  Extras  a  Press  je  Gear  0-1 

263-347 

Contrary  Lgpt 

EP  Gear  Luce  55 

>  V 

Heavy  ExJ^rB-^’essiifTi  (Gear  C4I 

1350-1650 

Oonirans  Heavy 

EPGearLilie  :iQ 

r-G-OG-G 

- 

Ov-'tse  Gea  Vn=f  :Qs*  Gea-si 

Gnrshielo  li 

\jpGi  ‘  orcir  _n  ♦"’Jl-OUf'O 

K-CSZ-2 

— 

Gan  Pi/pus?  6  P  '  Grease 

NLL7  2 

Convoy  1  'tho  EP-2 

Unrvevsal  Pressure  Grease 

PEHvi-.G 

— 

'.v  ~rr  Z-~Z  :■■■  -  Grease 

'..  yTVOy  j/iciy  FP-2 

'>»  it 

Engineering 

Designation 

ISO 

Viscosity 

Grsds 

Lubricant  Typs 

VlscwHty, 
SUS  si 

100  F 

P.  W.  Eakcn,  Inc. 

E  I'M  Lubncsnts,  Inc. 

PE- 150- A 

52 

ughi  inhoted  H/rTaiAc  4  Gan.  Pirpoee 

135-165 

FlmdvB  32 

K  15032 

«£-?  5-A 

*6 

Med  mrvbcao  HvOrniic  A  Gen.  13/poee 

19A-236 

Fludvis  46 

MR 

PE-3  15-  A 

68 

Mad  -Heavy  rhtxt*a  Hyd.  A  Gen  Purpose 

284346 

Rudv-B  63 

K  15068 

PE-70G-A 

iso 

Heavy  irtvbrtea  Hy-jaule  A  Gen.  Pi/ooee 

630-770 

fRudvis  150 

MR 

Pt-iSO-HP 

3‘ 

r-cr-Piessuie  a*:;- wea'.  Hydri'Ac  &i 

'35-  '6: 

p'ecxo  32 

K  ‘5032 

■*Hm .  2  i 

4r 

r-.;r..p-esw/e  •'•rii-.vea-  •-> .'rau.ic  CM 

134-236 

f  ftincc  -6 

‘R 

HE-'- 'i  5-HP 

68 

h«r-  vsure  :  -nT.ii-  rar,  -fydraulic  !>i 

284-346 

Premco  EG 

K  15068 

fcfHF.-l 

-- 

rve-Resetan  Hyd.  FIlt1.  Synthetic 

Ml 

Ml 

HE-fRH-2 

— 

cv6-(Restttant  Hyd  FKsO/  WsMr-GlyccI 

NR 

Ml 

^  j-tFWK',3 

— 

F  rentes  l-iyd  Fui  1  Water-Od  Errutecr 

Ml 

Ml 

*f  J-  d 

.  er.  .v'-”!  Scinne  Gil  Cver  6000  Tjm 

-2 

•■R 

MR 

Pc  V>8 

•  - 

uc  *»ue  ■'  >».-600C  "/i 

G»66 

Earer  Scxtie  Cii 

Ml 

PE- 105-6 

.  c 

Sw'rvir*  O'  ;►  “•  16C*.'  •  jr 

^6  ‘  5 

P-encc  22 

k  '5032- 

PE-150-C 

'.L 

.//it  Wav  54 

'35- '65 

WavaJI  60 

K  15C32 

PE-2  1 G-C 

rXj 

lWv Js  -n  Wav  04 

284 .’i46 

Waval  70 

K  15068 

Pe  .000-5 

tie 

heavy  Way  ..4 

900-1100 

Wayal  90 

K40G90 

PE-700-0 

■>. 

-Of  Jh.i'  .' 

630-773 

c  vs  i  y.. 

K  46C  65 W ‘ 4C 

PE-IOOCO 

Lii’- 

Gea-  G- 

9LG- 1 'CL 

-luKh-is  220 

K.40C9C 

pe-:i5<k; 

460 

^e:u\  >?ar  L 

’u35-2365 

-'UKhV-S  46«. 

K  400  *4C 

PE-31  •>€ 

68 

Light  Exireme-Preboixe  Geer  G4 

283-34  ■' 

G«r-X  2EP 

MR 

PE-I50OE 

320 

.heevy  fjicrtme-Hesscra  aee>'  04 

:350-  '65C 

Gesr-X  6EP 

K40C90 

PG-OG-G 

- 

jeai  .G'oe'  Gears. 

•R 

x  333 

PE-GPQ-2 

- 

Gen  H/uoee  E 1  jtrtLT^6aae  Grease 

N4  G  2 

M> 

K  tOCP 

PE -MO-2 

M  ■-  ".bjWv-  -  -  *ease 

'R 

Darmex 

Industrial 

Corp. 


Davte-Howtand 

OlCorp. 


Delta  Resina  A 

Rafractoriaa 


Drydan  Oil  Co.,  Inc. 


Du  Bola 
Chamlcala 


Hyd.  100 

Convis  OC  ISO 

Deltalene  Lite  Hyd.  04  #930 

Paradene  32  R&O 

MPO-10 

Hyd.  100/200 

Convis  OC  200 

DettaJeneMed.  Hyd.  04  #931 

Paradene  46  R&O 

MPO-20 

Hyd  100/200 

Convis  OC  300 

Deltalene  Med-Hvy  Hyd.  Oil  #932 

Paradene  68  R&O 

MPO-20 

Hyd  100/200 

OSL  48 

Deltalene  Heavy  Hyd.  Oil  #934 

Paradene  150  R&O 

EGCF80  90  or  MPO-50 

Hyd  100 

0SL44 

Deltalene  Lite  Hyd.  Oil  #930 

Paradene  32  AW/Blue  Hyd.  Light 

MPO-lO 

Hyd.  100/200 

osl  45 

Deltalene  Med  Hyd  Oil  #931 

Paradene  4fi  aw-Cue  Hyd  '0 

k4orvx> 

• 

Hyd.  100/200 

Da  46 

Oettalene  Med-Hvy  Hyd  Oil  #932 

Paradene  68  AW/Blue  Hyd.  20 

MPO-20  j 

Damwx  NF  50 

Da  Syn-Drautic 

NR 

NR 

NR 

FR  150  GW 

OaFR-200 

NR 

NR 

NR 

a 

FR  100  E 

DSL  Hydro-Draulc 

Ml 

NR 

PyroSafe 

SPOL 

Conspm  3 

NR 

Spindle  Oil  2 

NR 

SPOM 

Canspm6 

Della  Light  Spindle  Oil  #52B 

Spindle  Oil  10 

NR 

SPOH 

Conspm  10 

NR 

Spindle  Oil  22 

MPO- 10 

Damwx  10 

Way  Oil  75 

NR 

Way  Lube  32 

MPO-10 

Oamwx  1050 

Way  Oil  80 

NR 

Way  Lube  80 

MPO-20 

Damwx  9140  I'M 

Way  Oil  90 

NR 

Way  Lube  90 

EGO-80.90 

Darmex  50 

Convis  OC  750 

NR 

Paradene  '50  W 

EGO  60  90  or  MPO  30 

Darmex  9140 

Convis  OC  1000 

NR 

Paradene  220  W/APC  80W90 

EGO  80  90 

Damwx  140 

DH  167 

Delta  IF -5  Gear  Compound  #257E 

Paradene  460  W  /  APC  85W140 

EGO  90  140 

Damwx  GO  1050 

Compound  1 

Ml 

EP  Gear  Lube  #2 

MPO-20 

Damwx  9140 

Compcxrd  4 

NR 

EP  Gear  Lube  #6/ESGL  80W140 

EGG-90  140 

Darmex  421 

Open  Gear  #2 

NR 

NR 

OGG-h 

Damwx  123 

AP  Litfnum  EP  #2 

Delta  Lithium  Grease  2  #242 

Lithium  EP  #2 

TPG 

Damwx  123  M 

Poly-Moly 

Ml 

Moly  EP  #2 

MPG-2b 

FarbeatCorp. 

Exxon  Co.,  U.S.A. 

AHuba  Products 

Fllmlte  Oil  Corp. 

Gard  Corp. 

Georgla-Carollna  Oil  Co. 

Terasstic  32  or  33 

Hydra-Shield  150 

Industrial  150 

HydraGard  R&O  32 

GC  Turbine  04  Light 

Tefesstic46 

Hydra-Shield  200 

industrial  200 

HydraGard  R&O  46 

G C  Turtxne  04  15 

TeressHc68 

Hydra-Shield  300 

industrial  300 

HydraGard  R&O  66 

GC  Turtxrw  04  Medwm 

Terasstic  150 

Hydra-Shield  800 

Industrial  750 

HydraGard  R&O  150 

GC  Turtxne  Oi  Extra  Heavy  40 

Nuto  H  32 

Hydra-Shield  150 

Industrial  150 

HydraGard  AW  32 

G-C  Safety-Press  AW  Light 

Nuto  H  46 

Hydra-ShwW  200 

Industrial  200 

HydraGard  AW  46 

GC  Satety-Press  AW  15 

Nuto  H  68 

Hydra-Shwld  300 

Industrial  300 

HydraGard  AW  68 

G-C  Satety-Press  AW  Medium 

Ml 

Ml 

Ml 

SafeGard  FR  Flud  SF 

Ml 

Ml 

Ml 

NR 

SafeGard  FR  Fkxd  WG 

NR 

3110  FR  Hyd  Flud 

Hyfra-Shield  FR40 

Ml 

SafeGard  FR  Fluid  WO 

Ml 

Ml 

Ml 

NR 

SpmGard  2 

NR 

Spmesstc  10 

Lubn-Shield  60 

Industnal  50 

SpinGard  '0 

GC  White  Star  Spindle  Oil  60 

Spirwsstic  22 

Lubo-Shield  100 

Industrial  100 

SpmGard  22 

GC  White  Star  Spindle  Oil  10C 

Mt 

Lubn-STuetd  #1 

Way  Lube  1 

Gardway  32 

GC  Way  04  Ught 

Feb*>K68 

Lubn-ShMd  #2 

Way  Lube  3 

Gardway  68 

G-C  Way  04  Medium 

FebsK  ] 

Lubn-Shteld  #4 

Way  Lube  9 

Garchvay  220 

GC  Way  04  90 

Teresstc  150 

Lubn-Shteld  #3 

Gear  Film  70 

Gardgear  1 50 

G-C  Trans  Lube  55 

Teresstc  220 

Lubn-Shteid  #4 

Gear  Film  90 

Gardgear  220 

G-C  Trans  Lube  90 

Teresstc  460  or  Cytesstc  TK  460 

Lubn-Shield  #5 

Gear  Film  140 

Gardgeaf  460 

G-C  Trans  Lube  140 

Spartan  EP  68 

Lubn-Shield  #2 

Gear  Fan  50 

Gardgear  EP  68 

GC  EP  Gear  Lube  45 

Spartan  EP  320 

Lubn-Shteld  EP  90 1.G  O 

Gear  Fin  110 

Gardgear  EP  320 

GC  EP  Gear  Lube  90 

Suett  N80k 

Lubn-Shietd  OGl  Hvy 

Lubnplate  Gear  Shield 

Gardlac  220 

G-C  F'md  Ope<-  Gear  Lube  5C 

Udok  EP  2 

LdbrvSNeid  HTL-2FC 

Lubripteto  1200-2 

Gard  MP  Lrihun  #2 

GC  Ben  Boy  5543 

Beacon  02 

Mdy-Shield  2tCM 

Lubnpiale  MO-Lith  2 

Gardmoly  HiTemp  EP 

GC  Ben  Boy  Moty  5 

1  Sn^i  own  «w  Ut  I  if  r  Hu  wcca)v  ytnm  ’  S«4nc  imns 

'  *wmcm  r  rvgi  o*  .«conn  'c  *1  cvuducn  tor*xM»d  *ff-  domIvWy  ^co  tNM 

1  vwoj  ec  /van  vrvTxn  anan  »  mw  dim 
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PUNT  ENGINEERING'S  CHART  Of  INTERCHANGEABLE  LUBRICANTS 


Plant 

ISO 

Vltcotity, 

Engineering 

Viscosity 

SUS  at 

Gttty  Rtflnlng  A  Marketing  Co. 

Detonation 

Grade 

Lubricant  Type 

100  F 

Eaatam  Region 

Central  Region 

Weatam  Region 

PE- 150- A 

32 

Light  WntHied  Hydraulic  &  Gen.  Pupose 

135-165 

Atubno  50 

SkeMs  M+150 

150  AW  Hyd. 

P6-215-A 

46 

Med  inflated  Hydraulic  &  Gen  Purpose 

194-236 

Atubno  50 

Skelvis  N+ 10 

tO  AW  Hyd. 

PE-315-A 

60 

Med  -Heavy  Inhibited  Hyd.  &  Gen.  Pupose 

284-346 

Aturbno60 

Skeh/ts  N+20 

20  AW  Hyd. 

PE-700-A 

150 

Heavy  inhibited  Hydraulic  &  Gen  Purpose 

630-770 

Aturpno  71 

Skelvs  INH-40 

NF 

PE-150-HP 

32 

Hiyn-Pressre  i  ->nti  Wear)  Hydraulic  Oil 

135-165 

A{urt/flu  r-it»  ^  1 

Skelvis  MP  150 

150  AW  Hyd 

PE-215-HP 

46 

High-Pressure  1  Anti-Wear)  Hydraulic  Oil 

194-236 

Aturbrio  AW  59 

Skelvis  MP  10 

1C  AW  Hyd 

PE-315-HP 

68 

High-Pressure  i  Anti-Wear)  Hydraulic  Oil 

284  346 

Aturpric-  AW  6-t 

Skelvts  MP  20 

20  AW  Hyd 

PE-FRH-1 

— 

Fire-fleststant  Hyd.  Fluid /Synthetic 

NR 

NR 

NR 

PE-FRH-2 

— 

Fire-Resistant  Hyd  Fluid /Water -Glycol 

NH 

NR 

NF 

PE-FRH-3 

- 

Fire-Res  Hyd.  Fluid/ Water -Oil  Emulsron 

NR 

NR 

NR 

PE-32-8 

2 

Very  L.ghi  Spindle  Oil  (Over  6000  rpm) 

29-35 

NR 

NR 

NF 

PE-604 

10 

Light  Spindle  Oil  1 3600-6000  mm) 

54-66 

NR 

Skfelux 

NR 

PE-105-B 

22 

Spindle  Oil  ( Up  io  3600  rpm) 

95-1 ’5 

Aiweave  12 

Skelv.s  100 

NP 

PE-1504 

32 

Liqh!  Way  Oil 

135-165 

Aturtxic  53 

Skelvis  150 

,NR 

PE-3154 

50 

Meoum  Way  Oil 

284-346 

Aturpno  61 

Skelvs  20 

NR 

PE- 10004 

220 

Heavy  Way  Oil 

900-1100 

AlurptiO  77 

Skeivis  50 

NR 

PE-700-0 

150 

Light  'Gear  Oil 

630-770 

4!urPf'C  7 1 

Skelvis  MP  40 

AW  Hyd  40 

PE- 1000-0 

.20 

Medium  Gear  On 

900-1100 

Aprr-sluPe  30 

GP  Gear  9C' 

F.P  Gear  90 

PF  2150-D 

460 

Heavy  Gear  On 

1935  2365 

Apres'ube  90 

■Gf  Gear  140 

EP  Gee  140 

PE-3154 

60 

Ligni  Extreme-Pres.u/e  Gear  Oil 

283-347 

NR 

GP  Gear  80 

NP 

PE-13004 

320 

Heavy  Extreme-Pressure  Gear  Oil 

1350-1650 

Apreslube  06 

NR 

NR 

PE-OG-G 

•- 

Cling- T  ype  Gear  Shield  iOper.  yearsi 

NR 

NR 

NR 

PE-GPG-2 

-- 

■Gen,  Purpose  E p  Litntum-Base  'Grease 

NLGI2 

AJithex  MP  #2 

Getty  MPEP  #2 

Getty  MPEP  32 

PE-MG-2 

- 

Moivco.-r-um  Disulfide  E  P  Grease 

Moly  FP 

Moly  EP 

Mo!v  EP 

Plant 

Engineering 

Designation 

ISO 

Viscosity 

Grade 

Lubricant  Type 

Viscosity, 
SUS  at 

100  F 

Intar-State 

OH  Co.,  Inc. 

Jot  Lube,  Inc. 

PE- 150- A 

32 

Light  inhibited  Hydraulic  &  Gen  Purpose 

135-165 

ResistaJ  EP  H-'50 

NR 

PE-21."*  A 

46 

Med  Inhibited  Hydraulic  &  Gen  Purpose 

194-236 

Resistai  EP  H-215 

IF 

PE-3 15- A 

68 

Med.-Heavy  Wxbited  Hyd.  &  Gen.  Pupose 

284-346 

Resistai  EP  H-315 

1*1 

PE-700-A 

150 

Heavy  Inhbrtea  Hydraulic  5  Gen.  Purpose 

630-770 

Resrsial  EP  H-700 

IF 

PE-150-HP 

32 

High-Pressure  >  Anti-Wear)  Hydraulic  Oil 

135-165 

Resists!  EP  H- 150 

NR 

PE-215-HP 

46 

High-Pressure  i  Anti-Wear)  Hydraulic  Oil 

194-236 

Resistai  EP  H-215 

NR 

Pfc-315-HP 

68 

High  pressure  I  Anti-Weari  Hydraulic  Oil 

284-346 

Resistai  EP  H-3’5 

NR 

Pc-fRH-1 

— 

Fire-Resistant  Hyd  Fhjd/ Synthetic 

M3 

NR 

PE-FRH-2 

— 

Fire-Resistant  Hyd  Fknd/Water-Giycol 

NR 

NF 

PE-fRH-3 

— 

Fire-Res  Hyd.  FtuQ/Water-Oil  Emission 

NF 

MR 

PE-32-8 

/e'y  Lgh'  Spindle  Oil  Over  6000  fpmi 

29-35 

Sprole  Oii  S-32 

NR 

PE -60-8 

1  j 

-.gnt  Spirxre  On  >.00-6000  rprni 

54-66 

Spindle  Cil  S-60 

NR 

PE- 105-8 

Goincte  Oil  ■  L'c  ’o  3600  rpr  ■ 

95-H5 

Spinaie  Oil  S-  ’05 

NR 

PE  1504 

32 

_<yit  Way  Oil 

135-165 

Way-Hyd.  Lube  W-150 

NF 

PE-3154 

66 

Meckun  Way  Oil 

284-346 

W8Y+tyd  LtDe  W-315 

NF 

PE- 10004 

220 

Heavy  Way  Oi1 

900-1100 

Way-Hyd  Lube  W- 1000 

NF 

PE-700-0 

•5c 

L"jh'  .  .-^r  ji 

630-770 

ind  Oil  H-700 

NR 

PE- 1000-0 

220 

j'  ‘r*f  '"  it 

900-1  tOC 

mo  Oil  H- 1000 

NR 

PE-2150-D 

460 

-V-l I'-.j;  i! 

1935-2365 

ind  On  H-2150 

MR 

PE-3154 

68 

Lign:  Extreme-Pressue  Gear  04 

283-347 

Ind  EP  04  315 

NF 

PE-15004 

320 

Heavy  Extreme-Pressure  Gear  Oil 

1350-1650 

(nd  EP04  1500 

NF 

PE-OG-G 

- 

ung  i  ,-oe  Gear  Shield  i  Open  Gears) 

i-S  Outside  Cog  &  Gear 

Gear  Guard  WLU  OG-M  OG-h 

PE-GPG-2 

- 

Gen  Pupose  E  P  Lithnum-8ase  Grease 

NLGI  2 

1-S  Preferred  6F  Grease 

CB-2  &  202 

PE-MG-2 

Moiytider-um  Disulfide  E  P  Grease 

i  -S  Moly  EP  Grease 

202  5  AP-5  (HQ-00 0.1.2.31 

#•  ' . .  . 

f«.l  «c#r 

1  <lt44L«ttfcS  r^juB^nw  n, 

'IP-.,  »!>■'<«•*'  ,*• 

■■At.  •  */>'  *  at,  ’  4  *  afc  i/irti  w  -fc«i  wsuusr,  r«ige  tx.’  'dOJtm art. 

<r  ■  sl  i  m  an* 

—  ■"'K  .a. 

•a’ 

AMN*W|- 

■  f 

<.■  e  rre.t» 

DIO 


Imperial  Oil  * 

International  Refining  & 

Graphits  Product*  Corp. 

Gulf  Oil  Corp. 

E.  F.  Houghton  &  Co. 

Great#  Co. 

Manufacturing  Co. 

NR 

Harmony  32 

HydroOnve  HP-150 

MoU>Aloy60l 

R4COH.-14 

NR 

Harmony  46 

HydroCrive  HP-200 

Molub-AKoy  602 

FMCOHL-20 

NR 

Harmony  68 

Hydro-Drive  HP-300 

Molub-Alloy  603 

FMCOH-30 

NR 

Harmony  150 

Hydro-Drive  HP-750 

Motub-AHoy  606 

FMCOHL-69 

NR 

Harmony  32  AW 

Hydro-Dnve  HP- 150 

Tribol  771 

'RMCOHL-15 

NR 

Harmony  46  AW 

Hydro-Drive  HP-200 

Tnbol  772 

IRMCO  HL-21 

NR 

Harmony  68  AW 

Hydro-Drive  HP-300 

Tribol  773 

IRMCO  HL-31 

NR 

8 

Houghto-Safe  1000  Senes7 

NR 

IF 

NF 

FR  Fluid  G-200 

Houghto-Safe  620 

NR 

NR 

1* 

FR  Flud 

Houghto-Safe  5000  Senes 

Tribol  587 

fF 

GP-SO-&40 

NR 

NR 

NR 

NR 

GP-SO-#70 

Gulfspm  10 

NR 

NR 

IRMCO  S-o 

GP-SO-#100 

Gulfspm  22 

NR 

NR 

IRMCO  S-’C 

GP-MWO-305 

Harmony  32  AW 

HydroOnve  HP- 150 

Molub-Alloy  MWO  10 

IRMCO  W-15 

GP-MWO-IOOO 

Gulfway  68 

fF 

Molub-Alloy  MWO  20 

IRMCO  W-3? 

GP -MWO- 1200 

Gullway  220 

Sta-Pul  37CP 

Motub-AHoy  MWO  40 

IRMCO  W- 100 

SS-MGO-#80 

Harmony  150  or  1500 

NR 

MoluD-  Alloy  30 

IRMCO  HL  7C 

SS-MGO-#90 

Harmony  220 

MP  Gear  Oil  90 

Molub-Alloy  40 

IRMCO  HL-i25J 

SS-MGO-#140 

Harmony  460 

NR 

Molub-Alloy  494 

IRMCC  HL-2 1 5 

SS-MGO-80/90 

EP  Lube  HD68 

NR 

Molub-Alloy  804 

IRMCO  G2EP 

NR 

EP  Lube  HD320 

NF 

Molub-Alloy  690 

IRMCO  G6EP 

GP-OG  (MED) 

Premium  Lubcote  EP 

Tenac-M 

Molub-Alloy  882  EP-H 

NR 

GP  33 

Gutfaown  Grease  EP  #2 

Cosmoiube  #2 

Molub-Altoy  777-2 

IRMCO  MP-2 

GP  3 

Gulflex  Moly 

Hi- Temp  24095 

Molub-Alloy  777-2 

IRMCO  Moly- Temp 

Kendall  Refining  Co. 
(Division  of  Wttco 
Chemical  Corp.) 

Kent  Oil  Co. 

(Moly  NRG) 

Keystone  Div. 
Pennweit  Corp. 

leehy-Wotf  Co. 

LubraSystems 

Lubrication 
Analysis,  Inc. 

1  Keno4  R&O  AW-32 

Moly  Special  Duty  #10 

KLC-6 

Gold  Seal  Hydrol  W 

SHO  32  or  1GM  5W-20 

Hyd.  Oil  15C 

Kenod  R&O  AW^6 

Moly  Special  Outy  #15 

KLC-5 

Gold  Seal  Hydrol  W-H 

SHO  46  or  1GM  5W-20 

Hyd.  Oil  250 

Kenod  R&O  AW-68 

Moly  Special  Duty  #20 

KLC-4A 

Gold  Seal  Hydrol  S 

SHO  68 

Hyd.  Oil  300 

Ken-Tran080 

Moly  Special  Duty  #40 

KLG-3 

Gold  Seal  Hydrol  400 

SHO  150 

Hyd.  Oil  700 

Kenoil  R&O  AW-32 

Moly  Hydro-Serval  #303 

KLC-6 

Hydrol  Mastef  WHD 

SHO  32  or  MHO  10W-30 

Hyd  Oil  AW  150 

Kenoil  R&O  AW -46 

Moly  Hydro-Servoil  #304 

KLC-5 

Hydrol  Master  WHHD 

SHO  46  or  MHO  10W-30 

Hyd  Oil  AW  250 

Kenoil  R&O  AW-68 

Moly  Hydro-Sefvoil  #305 

KLC-4A 

Hydrol  Master  SHD 

SHO  68  or  MHO  10W-30 

Hyd.  Oil  AW  30C 

IF 

NR 

NR 

Hydrol  Master  FR-S 

NR 

NF 

NR 

IF 

'  IF 

Hyctol  Master  FR-G 

IF 

FR-Oil  #3 

NR 

FR  FlucHnvert  Ermision 

IF 

Hydrol  Master  FR-FWE 

NF 

NR 

IF 

Moly  Spindle  Oil-Extra  Light 

NR 

NR 

NR 

Spindle  C  _ 

NR 

Moly  Spindle  Oil  Light 

NR 

Lubemasler  MAA 

SPL  10 

Spindle  O'!  60 

Kenoil  040 

Moly  Spindle  Oil  Medium 

Spindle  Oil  #4 

Lubemaster  MA 

SPL22 

Spindle  Oil  1 00 

Kenod  945  EP 

Moly  Way  Od  #10 

IF 

Tac  Master  EP  1000 

NR 

Way  Oil  150 

fF 

Moly  Way  Od  #20 

GP-20 

Tac  Master  EP  2000 

WAL68 

Way  Oil  300 

Kenod985EP 

Moly  Way  Od  #50 

GP-30 

Tac  Master  EP  5000 

WAL  220 

Way  Oil  1000 

KervTran  080 

Moly  Gear  Oil  #89 

KLC-3 

Gold  Seal  Hydrol  400 

SHO  150 

Gear  Oil  700 

All  Oil  Gear  Lube  85W-90 

Moly  Gear  Oil  90  or  89 

1790 

Gold  Seal  hydrol  500 

SHO  220 

Gear  Oil  900 

All  Oil  Gear  Lube  140 

Moly  Gear  Oil  140  a  123 

1791 

Gold  Seal  Hydrol  700 

MIG  85W-140 

Gear  Oil  14C 

IF 

Moly  Gear  Oil  HM  300 

IF 

industrial  EP  2000 

NF 

Gear  04  EP  300 

Three  Star  Gear  Lube 

Moly  Gear  Oil  #123 

WG-1 

Industrial  EP  6000 

1GO  80W-140 

Gear  04  EP  1300 

SR  12X 

Moiy  Open  Gear  Medium 

426 

Metallic  Gear  Cote 

AOG 

Spray  Gear  Lube 

L-426 

GP-2  or  7  Plus  2 

81  EP  LT 

Ulh  Master  200 

MMLEP2 

#2  Grease 

L  -424 

7  Plus  2 

NR 

Lith  Moly  Master  200 

PCL  EP2  or  HTL  EP2 

u2  Moly  Grease 

0  Stm/t  prcNprwia  ww  Ua  r  fou  «kc«y  /km  9 

Utrcare 

MMMr* rpof*co«t«s 
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PUNT  ENGINEERING'S  CHART  Of  INTERCHANGEABLE  LUBRICANTS 


Plant 

ISO 

Vlacoalty, 

Lubrlpiatt  ON. 

Engineering 

Vlecoeity 

SUS  at 

Fisk#  Brothars 

Daalgnation 

Grads 

Lubricant  Typa 

100  F 

Refining  Co. 

PE- 150- A 

32 

Light  inhabited  Hydraulic  &  Gen  Purpose 

135-165 

HO-O 

PE-215-A 

46 

Med.  Inhbiled  Hyttauic  &  Gen  Purpose 

194-236 

HO-1 

PE-315-A 

68 

Med  -Heavy  mhtxted  Hyd.  &  Gen.  Purpose 

284-346 

HO-2 

PE-700-A 

150 

Heavy  Inhtxted  Hydraulic  &  Gen.  Purpose 

630-770 

HO-3 

PE-150-HP 

32 

Hgl>Pressure  1  Anti-Wear)  Hydraulic  Oil 

135-165 

HOC 

PE-215-HP 

46 

Hign-Pressure  i  Anti-Wear)  Hydraulic  Oil 

194-236 

HO-1 

PE-315-HP 

68 

High-Pressure  i  Anti-Wear)  Hydraulic  Oil 

284-346 

HO-? 

PE-fRH-1 

— 

Fre-Resstant  Hyd.  Fluid /Synthetic 

PE-fRH-2 

— 

Fee-Resistant  Hyd.  Rud/Water-Glycol 

PE-fRH-3 

— 

Fee-Res  Hyd.  flud/ Water-Oil  Emulsion 

PE-32-8 

PE-80-8 

PE-105-8 

PE-150-C 

PE-315-C 

P6-1000-C 


PE-700-0 
PE- 1000-0 
PE-2150-0 


PE-315-E 

PE-150OE 


PS-OG-G 


PE-MG2 


Very  Ligfi!  Spindle  Oil  (Over  6000  rpmi 
Light  Sorndle  O';  ( 3600-6000  rpm) 
Spindle  Oil  i  Up  to  3600  rprr) _ 

Light  Way  Oil 
Medium  Way  Oil 
heavy  Way  Oil 


Light  Gear  Oil 
Medium  Gear  On 
Heavy  Gear  Gil 


Light  Extreme-Pressure  Gear  04 
Heavy  Extreme-Pressure  Gear  0*1 


29-35 
5a -66 
95- ■■•,5 
135-165 
284-346 
9001100 


630-770 

9001)00 

1935-2365 


283-347 

1350165C 


E  P  uthwm-8ase  Grease 


Molybdenum  Disulfide  E.P  Grease 


i.nr. 


rgp. 

IMG  3 

No  ' _ 

No  1 
No.  3-V 
No.  4 


APG  80 
APG  90 
APG  140 


APG  80 
APG  140 


Gear  Shield 


No  6302 


Mo-L'th  No  2 


Plant  ISO 

Engineering  Viscosity 

Designation  Grade  Lubricant  Type 


PE-150-A 
PE-2 15- A 
PE-3 15- A 
PE-700-A 


Light  Inhibited  Hydraulic  &  Gen.  Purpose 
Med.  Inhibited  Hydraulic  5  Gen.  Purpose 
Med  -Heavy  inhibited  Hyd.  &  Gen.  Purpose 
Heavy  inhibited  Hydraulic  &  Gen.  Puroose 


Viscosity, 
SUS  at 
10OF 


135-165 
194-236 
284- 34c 
630770 


PE-150-HP 

32 

High-Pressure  ( Arti-Wear)  Hydraulic  Oil  t 

PE-215-HP 

46 

High-Pressure  ( Anti- Wear)  Hydraulic  Oil  1 

PE-315-HP 

68 

High-Pressure  l  Ar.ti -Wear)  Hydraulic  Oi1  2 

PE-fRH-1 

— 

Fee-Resistant  Hyd  Flud/ Synthetic 

PE-fRH-2 

— 

Fire-Resistant  Hyd.  Fluid /Water-Glycol 

PE-FRH-3 

— 

Fire-Res  Hyd  Fluid /Water -OH  Emulsion 

McGean-Rohco;  Inc. 
Rohco  Dlv. 


McEase  AW/  .AL  Polymer  Oil  10 
McEase  AW/AL  Polymer  OH  10 
McEase  AW/AL  Polymer  Oil  20 
McEase  75W/90  Polymer  Oil 


f4cEa.se  AW  AL  Polymer  Oil  10 
McEase  AW  AL  Polymer  Oil  20 
McEase  AW  AL  Polymer  Oil  30 


Ml 

NR 

M3 


Metal  Lubrtca.it*  Co. 


Mettran  AW  405 
Meltran  AW  410 
Melt)  an  AW  420 
Meltran  AW  440 


Meltran  AW  405 
Meltran  AW  410 
Meltran  AW  42C 


NR 

Melsyn  FR  200 
NR 


PC  32-8 

2 

Very  Lght  Spindle  Oil  (Over  6000  rpm) 

29-35 

McEase  AW'AL  Polymer  Oil  ’0 

M3 

PF-60-8 

1C 

Light  Spindle  Oil  1  3600-6000  rpm) 

54-66 

McEase  AW  AL  Polymer  Oil  10 

Melspih  5 

PE- 105-8 

22 

Spindle  Oil !  Up  'o  3600  rpm) 

95-H5 

McEase  AW/AL  Pclymer  Oil  10 

Melspin  3 

PE-150-C 

32 

Light  Way  Oil 

135165 

McEase  AW/AL  Polymer  04 10 

Meltac  Wl-221 

PE315-C 

6L 

Medium  Wav  Gil 

284-346 

McEase  AW/AL  Polymer  04  20 

Meltac  WL-222 

PE-1000-C 

220 

Heavy  Way  Oil 

90G1  IOC 

McEase  75W/90  Polymer  04 

Meltac  WL-224 

PE-700-0 

150 

Light  Gear  Oil 

630  770 

McEase  75 W  '90  Polymer  -Gear  Oil 

Meltran  AW  440 

PE- 1000-0 

220 

Medium  Gear  Oil 

900-1  IOC 

McEase  80 W  '40  Polymer  Gear  Oil 

Meltran  AW  450 

PE-2150-D 

460 

Heavy  Gear  Oil 

19352365 

NR 

Mettran  AW  480 

PE-315E 

68 

Light  Extreme-Pressure  Gear  Oil 

283-347 

McEase  AW/AL  Polymer  04  30 

Metcotube  'Oi-CP 

PE-1500-E 

320 

Heavy  Extreme-Presses  Gear  04 

13501650 

McEase  80W.  140  Polymer  04 

Melcolube  105CP 

PE-OG-G 

- 

Oiirvg-  7  ype  Gear  Shield  Open  Gears 

M3 

NR 

PE-GPG-2 

- 

Gen  Purpose  E  P  Lithcm-Base  Grease 

M.GI2 

McEase  MLC-2 

MefccPM-2 

PE-MG-2 

— 

Molybdenum  Disulfide  E  P  Grease 

rR 

Meicomoiv  '433 
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McColKeter  I  Co. 


Luecon  Induetrtee  Corp. 

Melnpro,  Inc. 

Mentek 

A.  Margolte  A  Sone  Corp. 

( United  Petroleum  Corp. ) 

Hydralube  32 

Ultra  Shield  5000-10 

MHY  32 

Silogram  TP  100-15-7 

UnMiRAO  32 

Hyt*alube46 

Ml 

MHY  46 

Silogram  TP  100207 

Unrve  R&O  46 

Hydralube  66 

Ultra  Shield  500020 

MHY  66 

Siogram  TP  100307 

UrwiaR&O  68 

Hydralube  150 

Ultra  Shield  5000-30 

MHY  150 

Siogram  MP  707 

Unrv*  R&O  150 

Hydralube  XD32  or  32AW  Ultra  Shield  5000- 10  MHY  32  Silogram  TIP  100-15-7  Umvs  Hya  AW  32 

Hydralube  X046  or  46AW  NR  MHY  46  Stogram  TIP  100207  Univis  Hyd  AW  46 

Hydralube  XD68  or  68AW  Ultra  Shield  500020  MHY  66 _ Silogram  TIP  1QQ307 _ Univis  Hya  AW  66 


Unsafe  SF 

Ml 

Ml 

Ml 

NR 

Unsafe  40X0 

NR 

NR 

Silogram  FR  Rid  200 

NR 

Unisafe  WO 

Mt 

Ml 

Siogram  FR  Emulsion  Fluid 

NR 

isosav30 

NR 

NR 

Siogram  LVS  35 

NR 

Hydralube  T-10 

NR 

MSP  10 

Silogram  LVS  60 

NR 

Hydralube  T-22 

NR 

MSP  22 

Silogram  LVS  100 

NR 

Waylube  32 

US  EP  Pneumatic  10 

NR 

Silogram  MP  157 

Way  Oil  32 

Waylube66 

US  EP  Pnermatic  20 

MWl  68 

Silogram  MP  307 

Way  Oil  66 

Waylube  220 

US  EP  Pneinatic  40 

MWL220 

Siogram  MP  907 

Wa,Oil22C 

Hydralube  150 

TK-65  60/9C 

MHY  150 

Siogram  MP  707 

Univis  AW  '50 

Hydralube  220 

TKg5  85 W/ 140 

MHY  220 

Siogram  MP  9C7 

Univis  AW  220 

Hydralube  460 

TK-65  140 

Manco  MP  85W-140 

Silogram  EP  Gear  140 

Jmvis  AW  460 

EP  Compound  68 

TK-100  20 

NR 

Siogram  EP  Gear  80 

EP  68  Gee.-  Comp 

EP  Compand  320 

TK-100  85W/140 

Acclaim  SOW-140 

Siogram  EP  Gear  90 

EP  320  Gear  Comp 

ALGOM-90 

TK-100  140 

NR 

Siogram  Moly  Cling 

NR 

UtfKum  Grease  #2 

Pro  Lube  600 

Staunch  EP2 

SHogram  Centralized  EP  2 

MP  Lithium 

Moly  Grease  »2 

Pro  Lube  800 

Manco  Moly  EP2  or  Elite  EP2 

Silogram  HD  MO-Lith 

Moly  Poiy  Lithium  Compiex 

Metalworking 


Lu  brie  vita  Co. 

Mobil  Oil  Corp. 

Moroil  Corp. 

National  Chemeearch 

Niagara  Lubricant  Co.,  Inc. 

Metlube  1+100 

Mobil  DTE  Oil  Ltfrt 

R&O  100 

HJ+32  or  Soiucfce  5W-20 

Ma  Vb  R&O  32 

MetlubeH-200 

Modi  DTE  OI  Med. 

R&O  200 

HLN-46  or  Soiudize  5W-20 

Ma  Vis  R&O  46 

Metlube  H-300 

Mob!  DTE  Oi  Med-Hvy 

R&O  300 

HLN-68 

Nia  Vb  R&O  68 

MetfubeH-700 

Mob!  DTE  Oi  Extra  Heavy 

R&O  750 

HLN-150 

Ma  Vb  R&O  150 

Metlube  H-150AW 

Mobil  OTE  24 

AW/AL  100 

HLN-32  or  Enehex  10W-30 

Nia  Vis  R&O  AW  32 

Metlube  H-200AW 

Mobil  DTE  25 

AW/AL200 

KLN-46  or  Enertex  10W-30 

Nia  Vis  R&O  AW  46 

Metlube  H-300AW 

Mobil  DTE  26 

AW/AL  300 

HLN-68  or  Enerlex  10W-30 

Nia  Vs  R&O  AW  68 

MetsafeFR310 

Mobi  Pyrogard  53 

SNF* 

NR 

Mt 

Metsate  FR  200 

Nyvac  FR  200  fluid 

NFH* 

Ml 

Nico  Hyrdube  446 

MetsafeFR 

Mobi  Pyrogard  D 

Mt 

Mt 

Mt 

99C21 

Mobil  Veiocite  Oil  #3 

NR 

NR 

NR 

Metlube  MS 

Mobil  Veiocite  Oil  #6 

Spindle  Oil  10 

SLN  10 

Spindol  10 

Metway  100 

Mobil  Veiocite  Oil  #10 

Spindle  Oil  22 

SLN  22 

Spindol  22 

Lubemef  150 

Mobi  VactraOiffl 

Way  0132 

Mt 

Magara  Waylube  32 

LUbemet  4868A 

Mobi  Vactra  OI  #2 

Way  04  68 

WLN66 

Magara  Waylube  66 

Lubemet  48688 

Mobi  Vactra  Oi  #4 

Way  Oi  220 

WIN  220 

Magara  Waylube  220 

Lubemet  4622D 

Mobil  DTE  Oil  Extra  Heavy 

Indlube  5-150 

HLN  150 

Aragain  150 

Lubemet  4622A 

Mobil  DTE  Oil  88 

Indlube  5220 

HLN  220 

Aragam  220 

Lubemet  46228 

Mobil  DTE  Oil  HH 

indlube  5-460 

Gearco  85W/ 140 

Aragam460 

Lubemet  2EP 

Mobigear  626 

Induce  1068 

Mt 

Aragain  EP  66 

Lubemet  1500 

Mobigear632 

hdube  10-320 

Efficient  0OW-14O 

Anger  EP  320 

Ml 

Motxttac  A 

NR 

GEX 

Gear  Shield  Spec  X9277 

Lubemet  M1C21 

Mobiux  EP2 

Ml 

Lube  Plus  EP2  or  Chem-A-LUJe  M.660EP2 

Tn-GerdEP  #2 

NR 

NR 

NR 

Lube  Shield  EP2 

EP  Poly  Moiv  «2 
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PLANT  ENGINEERING  S  CHART  OF  INTERCHANGEABLE  LUBRICANTS 


Plant 

Engineering 

Designation 

ISO 

Viscosity 

Grade 

Lubricant  Type 

Viscosity, 
SUS  at 

100  F 

NonFluid 

Oil  Corp. 

North  American 
Chemical  ot  Texae 

The 

Ore-Lube 

Corp. 

PE-190-A 

32 

Light  Inhtatad  Hydraulic  &  Gen.  Purpose 

135-165 

1183 

Power  Lube  815 

00230 

PE-215-A 

46 

Med.  irritated  Hydraulic  &  Gen.  Pupose 

194-236 

1184 

Power  Lube  802 

00230 

PE-315-A 

68 

Med  -Heavy  Inritaled  Hyd  4  Gen.  Purpose 

284-346 

1185 

Power  Lube  803 

00230 

PE-700-A 

150 

Heavy  tnfabrted  Hydraulic  &  Gen.  Pupose 

630-770 

MR 

Power  Lube  807 

00230-40 

PE-150-HP 

32 

High-Pressure  '  Anti-Weari  Hydraulic  Oil 

'  35- 165 

H83 

Power  Lube  8 "  - 

PE-215-HP 

46 

High -Pressure  i  Anii-Weari  Hydraulic  Oil 

’94-236 

1  -84 

Power  Lube  8c . 

PE-315-HP 

68 

High -Pressure  i  Anti- Wean  Hydraulic  Oil 

2?  4-346 

”85 

Powe'  Luo--  603 

PE-FRH-1 

— 

Fire-Resistant  Hyd.  Fhjd /Synthetic 

FRHF  #68  Q 

Fluid  Pcwer  FR-200 

00141 

PE-FRH-2 

— 

Fire-Resistant  Hyd.  Fluid/  Water-Glycol 

NR 

Ftad  Power  GHF-2C 

00265 

PE-FRH-3 

- 

Fxe-fles  Hyd.  Rud/ Water-Oil  Emdsion 

Ftad  Power  1810 

NR 

PE-32-B 

2 

Very  L'gh'  Spindle  -Oil  (Over  6000  rprrn 

29  35 

Precision  ’32'4 

■'•fry?  7 

PE-60-fi 

10 

Light  Spindle  jii  ;  360C  6000  '-mi 

j4  06 

2CC  hSSC 

P'eusion  '325 

CO 1 06 

PE-105-8 

22 

Spmdle  Oil  i  Lip  to  3600  rpm 

95-1 ’5 

SP  .1  #30 

Precision .  1926 

35 1C  7 

P6-15C-C 

32 

Light  Way  Oil 

136-105 

MR 

Lube  Way  15 

00171 

P6-31S-C 

68 

Medium  Way  Oil 

284-346 

NR 

Lube  Way  30 

00300 

PE-1000-C 

220 

Heavy  Way  On 

900-1100 

NR 

Lube  Way  90 

00301 

PE-700-D 

•50 

L  t  o63f  C  si 

630-'  70 

Gear1"' 

Gear  Guard  6' ' 

00/  ^  4 

PE- 1000-0 

220 

Medium  >ar  Oil 

900  '  ’GO 

( Z‘3 

Gear  Guard  9C 

00173 

PE-2 '50-0 

460 

Heavy  Gear  C-! 

-935-  '366 

y:g'  r  ’  .  Z  ■ 

Gear  Guard  2.53 

-0292 

PE-3i5-£ 

68 

Light  extreme-pressure  Gear  04 

283-347 

Gear  °rc  #2/cP 

Geer  Guard  30 

X214 

PE-1500-E 

320 

Heavy  Extreme-Pressure  Gear  Oil 

1350-1650 

Gear  Pro  #6/EP 

Gear  Guard  130 

00292 

PE-OG-G 

- 

Ci.ng-iype  Ge,.r  Shield  .'Coen  Ge.vsi 

R  576  ML- 

Gear  g-ng 

10 '54 

PE  GK3-2 

- 

Gen  Pilose  E  P  Lrthwn-3ase  Grease 

M.GI2 

G-60/EPV 

Onegalne  2L 

’0260'’ 

PE-WG  2 

- 

McLi/r-.nun  0  >u!foe  E  P  On  ease 

Chem-P;ex  t  MS 

Gmegai'hu  2L-M 

VAC 

Plant 

Engineering 

Designation 

ISO 

Viscosity 

Grade 

Lubricant  Type 

Viscocty, 
SUS  at 

100  F 

Plllsbury  Chemical 
&  Oil  Inc. 

Rock  Valley 

Oil  i  Chemical  Co..  Inc. 

PE-150-A 

32 

Lxfit  Irritated  Hydraulic  &  Gen.  Purpose 

135-165 

Power  Lube  815 

Troian  150 

rt-?i;-A 

<16 

Med  Irritated  Hydraulic  &  Got  Purpose 

194-236 

Power  Lube  8C2 

Trqar.  200 

PE  SI 5- A 

68 

Med  Heavy  Irritated  Hyd.  4  Gen.  Pupcea 

284-346 

Power  Lube  803 

Troian  300 

PE-70O-A 

150 

Heav/  rihtated  HydraiAic  &  Gen.  Purpose 

630-770 

Power  Lube  807 

Troian  750 

PE-150-HP 

32 

ingr-Oiesjure  i  Arti-Weao-  Hydraulic  Oil 

135-  ’65 

rower  Lube  915 

Troian  ‘60- AW 

PE-2I54IP 

46 

Higf-n'essure  a  nli-Wear)  hydraulic  Oil 

194  236 

Power  i  jr.e  .-02 

Troian  2’0-AW 

Pfc'-o  15-HP 

68 

•tign  Pressure  <  Anti-Wear;  Hydraulic  Oil 

264  346 

Power  Lube  803 

Trn '(an  3 15-4', V 

PE-FRH-1 

— 

Fire-Resistant  Hyd  FHjd/Synlhelic 

Ruid  Power  FR-200 

M3 

PE-FRH-2 

— 

Fire-Res«slan(  Hyd  Fluid /Watar-GT/col 

FI*J  Power  aF-20 

FR  Hyd.  Rud  WG-20G 

PE-FRH-3 

— 

Fire-Res  Hvd.  Fluid /Water -Oil  EmJstai 

Fkid  Power  1810 

Ml 

OE-32-3 

£ 

Ver,  %n(  Send10  Gil  ■  Over  6000  romi 

29  35 

Pr— r.ision  1924 

Roo>  coir,  40 

PE-60-B 

•c 

l  igri'  Spmdle  C*  56cC-60nC  rpmi 

54-66 

Precision'  '925 

Hoc  ,oi n  5C 

PE-1G5-B 

22 

.-.girdle  Oil  H.ip  X  v.»jC  <r  r. 

95-H5 

Precision  1926 

Rock  spin  100 

PE-150-C 

32 

Light  Way  CN 

135-165 

Lube  Way  15 

Rock  way  150-S 

PE-515-C 

66 

Mechxn  Way  Oil 

284-346 

Lube  Way  30 

Rockway  300-S 

PE-JOOO-C 

220 

Heavy  Way  Oil 

900-1100 

L4»  Way  90 

Rockway  10005 

PE-700-0 

•50 

L  ■ ■  leat  Oil 

630  770 

Gear  Guard  60 

Trojan  750 

PE-  lOOO-D 

220 

Medu  m  Gear  ,n 

900  ’  t'JO 

Gear  Guard  eO 

Troian  ' 000 

PE-2150-0 

460 

Heavy  Gear  O1 

1935  2365 

Ojear  Guard  200 

Tioian  2000 

PE-315-E 

68 

Lgrit  Extreme-Prasscre  (jeer  04 

283-347 

Geer  Guard  30 

EP  Gear  Lube  S-300 

PE-1500-E 

320 

Heavy  Extreme-Prasswe  Gear  Ql 

1350-1650 

Gear  Guard  130 

EP  Gear  LubeS- 1600 

PE-OG-G 

J.ng  r  ype  Gear  Gtveid  -  Open  Geursi 

Gear  Clnn 

Royal  OriO'ess  1000 

PE-QPO-2 

- 

Gen  Purpose  E.P  Litaum-Baae  Grease 

M.GI 2 

Omegaline2L 

Premum  Lrthun  2 

PE-MG-2 

- 

MoiyMenun  CisuiMe  t  P  Grease 

Omegal'ne  2L  M 

Premium  Moiy-Lilh 

■ft  ,‘r  <»  nrwi'.i 

*/ 

'a..' 

’•/  -JUHf  4  ■■  ■ 

<.#-  «  .  • ,  i  * 

/•r-.  t/VJ'-.w1  ’«/ 
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Pacer  Lubricant*,  Inc. 


Parr  Inc. 


Peniuoil  Products  Co. 


Phillips  Petroleum  0 


Thermal  T  32  ( 150) 

NT 

AW  32  Hyd.  04/Penreco  Oil  32 

Magnus  04  32 

Thermal  T  46  (215) 

Hydro4  EP  82X 

AW  46  Hyd.  04/Penreco  04  46 

Magnus  04  46 

Thermal  T  68  (315) 

Hyr*oilEP83 

AW  68  Hyd.  Oil/Penreco  Oil  68 

Magnus  04  68 

Thermal  T  150  (  700) 

Hyde*  EP  85 

AW  150  Hyd.  04/Perreco  04  150 

Magnus  04 150 

Power  V  32  (150) 

Hydrotl  AW  32 

AW  32  Hyd.  Oil/Penreco  Oil  32 

Magnus  A  Oil  32 

Power  V  46  (215) 

Hydroil  AW  46 

AW  46  Hyd.  Oil/Penreco  Oil  46 

Magnus  A  Oil  46 

Power  V  68  (315) 

Hydroil  AW  68 

AW  68  Hyd.  OiL  Penreco  Oil  68 

Magnus  A  Oil  68 

NT 

NT 

NT 

NR 

NR 

NR 

NT 

NR 

NT 

NT 

Maxmui  Hyd.  Rud  FR 

NR 

NR 

NR 

NR 

NR 

Spindle  Oil  70 

NR 

NR 

NR 

Spindle  Oil  100 

NR 

AW  22  Hyd  Oii  'Peniecc  Oil  22 

Magnus  Oil  32 

Tru-SMe  150 

NT 

NR 

NR 

Tru-SMe300 

Way  Lubricant  #75 

Tableways  Lube  Medium 

NR 

Tru-SMe  1000 

882  Gear  Lube  SAE  90 

Tableways  Lube  Heavy 

NR 

Goltex  AGMA  4EP 

NR 

AW  150  Hyd.  Oil/Penreco  Oil  150 

Magnus  Oil  1 50 

Goltex  AGMA  5EP 

882  Gear  Lube  SAE  90 

AW  220  Hyd.  Oil/Penreco  Oil  220 

Magnus  Oil  220 

Goltex  AGMA  7EP 

882  Gear  Lube  SAE  140 

AW 460  Hyd  Oil/Penreco  Oil  460 

Hector  On  460  u GOGS) 

Golden  G  Gearoyl  AGMA  2EP 

NT 

Maxol  EP  Gear  04  68 

Philube  AP  GO  SOW 

Golden  G  Gearoyl  AGMA  6EP 

882  Gear  Lube  90  or  140 

Maxol  EP  Gear  04  320 

Philube  AP  GO  85W-90 

NR 

NT 

Philstik  0-  i  Grease 

SynSm  LCX 

LithotPe  EPMP  #2 

707L  L’jbe/Pemlith  EP  712  Lifce/MP  705  Lube 

Philube  EP-2 

LUtvO-Mol 

Green  Gold  Moiy  #2 

Molysulfide  704  Lube/TTM  302  Lube 

Philube  MW-Grease 

Sentinel 


Henry  E.  Sanson  A  Sons,  Inc. 

Schaeffer  Manufacturing  Co. 

Seaboard  Industries,  Inc. 

Lubricants  Corp. 

Shell  Oil  Co. 

No-Gum  Hyd.  04  Light 

#112MfcronMofyHTCSAE  10 

Superior  R&O  32 

S-IOHyd  04 

Turbo  32 

No-Gum  Hyd.  04  #10 

#  112  Micron  MofyHTC  SAE  10 

Superior  R&O  46 

S-10/20  Hyd  04 

Turbo  46 

NoGum  Hyd.  04  #20 

#  112  Micron  MolyHTC  SAE  20 

Superior  R&O  68 

S-10/20  Hyd.  04 

Turtx>63 

No-Gum  Hyd.  04  #40 

#  1 12  Mfcron  MofyHTC  SAE  40 

Superior  R&O  150 

S-10/50M.P.  04 

Turbo  150 

AW  Hyd.  Oil  150 

#112  Micron  Moly  HTC  SAE  10 

Superior  A /  W  Hyd  32 

S-IOHyd  Oil 

Tellus  32 

AW  Hyd  04  215 

#  112  Micron  Moly  Hi  C  SAE  10 

Superior  A/W  Hyd  46 

S-10/20  Hyd.  04 

Tellus  46 

AW  Hyd  04  315 

#112  Micron  Moly  HTC  SAE  20 

Superior  A/W  Hyd.  68 

S-10/20  Hyd.  Oil 

Tellus  68 

Hydra-Safe  PE  Senes' 

NR 

NT 

N.F.65 

NR 

Hydra-Safe  Standard  Glycol  Senes7 

NT 

NR 

N.F.650 

NR 

Hydra-Mul  Premium  Emulsion  Senes7 

NT 

NT 

N.F  750 

NR 

NR 

NT 

NR 

SPOT' 

NR 

NoGum  Spindle  04  VL 

NT 

Supena  Spindle  10 

SPOLM 

Tellus  10 

No-Gum  Spindle  04  #9 

#  1 19  While  Ind.  Machine  04  5 

Supera  Spindle  22 

SPOM 

I  eilus  22 

NoGum  Hyd  Way  Lube  150 

#203  EP  Ind.  Machine  04  10 

Superior  Waylube  32 

S-10 

NR 

NoOnp  Way  LUbe  #297 

#203  EP  Ind.  Machine  04  20 

Superior  Waylube  68 

S-10/50 

Tonna  68 

NoDnp  Way  Liioe  Heavy 

#203  EPM.  Machine  04  50 

Superior  Waylube  220 

S-50 

Tonna  220 

No-Gum  Hyd  04  #40 

#209  Moly  Univ.  Gear  Lube  80W-90 

Superior  EP  Compound  150 

S-75/80 

Turbo  150 

No-Gum  Lube  Oil  550-P 

#209  Moty  Umv.  Gear  Lube  80W-90 

Supera  EP  Compound  220 

S-90/140 

Turbo  220 

NoGum  Gear  Oil  #2100 

#209  Moly  Univ.  Gear  Lube  140 

Supera  EP  Compound  460 

S-140 

Turbo  460 

NoGum  EP  Gear  04  #315 

#209  Moly  Umv.  Gear  LU»  80W-90 

Superior  EP  Compound  68 

S-75/80  EP 

Omala  68 

NoGum  Lube  04  #1500-V 

#206  Moly  Urtv.  Geer  LiOe  80W-90 

Superior  EP  Comport  320 

90/140  EP 

Omaia  320 

NoOnp  TM 

#200  MMy  Silver  Streak  or  #224 

NR 

SOG 

Omala  H 

Synfraiube  #2 

Superior  EP  Grease  B-2 

SI  123 

Alvama  EP2 

Syndralube  #2M 

#221  Moly  Ultra  800  Of  #260  or  #248 

Supera  Moly  Bento  Lube 

SLM-2 

Super  Duty  1 

6  Straqf:  prosowa  «wr  VrB  tttmx  r  ’at  nrosrrv  juk  5  Sftw  ucnums 

7  Avaiat*  r  rargs  of  vocoatns  *1  {toducts  fonruaiefl  from  poiyaky***  p/ca  base  Blochs 
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PLANT  ENGINEERING'S  CHART  OF  INTERCHANGEABLE  LUBRICANTS 


Plant 

ISO 

Viscosity , 

Engineering 

Vlscoetty 

SUS  at 

Southwest  am 

Designation 

Grid* 

Lubricant  Typ* 

100  F 

Siegel  Oil  Co. 

Patrolaum  Corp. 

PC-1804 

32 

Ught  Irtoited  Hydraulic  &  Gen.  Purpose 

135-165 

Titon  Hyd.  Oi  #15 

Svwpco  Ind.  Oi  702-1 

PC-215-A 

46 

Med.  ntoried  Hydraulic  &  Gen.  Pupcee 

194-236 

Titon  Hyd.  Oi  #21 

Swepco  Ind.  Oi  702-1 

PE-315-A 

68 

Med.-Heevy  W*rted  Hyd  4  Gen.  Purpose 

284-346 

Titon  Hyd.  04  #31 

Swepco  hd.  Oi  702-2 

PE-700-A 

150 

Heavy  hhibrted  Hydraufc  &  Gen.  Pupoee 

630-770 

Titon  Hyd.  Oil  #51 

Swepco  Ind.  01  702-4 

PE-150-HP 

32 

High-pressure  ;  Anti-Wear)  Hydraulic  Oil 

135- '65 

Titon  AW  Hyd.  Oil  #15 

Swepco  AW  Hyd  Oil  704-  1C 

PE-215-HP 

46 

HigrvP'essure  i  Anti- Wear)  Hydraulic  Oil 

194-236 

Titon  AW  Hyd  04  #21 

Swepcc  aw  Hvd  Oil  704-10 

PE-315-HP 

66 

Migh-Pressure  t  Anti-Wear)  Hydraulic  Oil 

284-346 

Titon  AW  Hyd  Oil  #31 

Swepco  AW  Hyd  Oil  7.04-20 

PE-FRH-1 

— 

Fre-fleeatant  Hyd.  Fluid/ Synthetic 

NR 

NR 

PE-FRH-2 

— 

FreReswtant  Hyd.  Flud/ Water-Glycol 

NR 

SR 

PE-FRH-3 

- 

Firsts.  Hyd.  Fkid/Water-Oi  Emulsion 

NR 

Swepco  FR  Hyd.  04  718 

PE-32-fl 

2 

Very  Light  Spindle  0/  ;  Over  60GC  rpm) 

29-35 

Nf- 

NR 

PE-60-6 

’C 

Light  Spindle  On  t  3600-6000  rpn 

64-66 

HP 

Nh 

PE-105-B 

22 

Spmole  0:!  i  Uo  to  3600  'em) 

95- 1 1 5 

Tien  AW  Myc  >  #15 

np 

P6-150-C 

32 

Light  Way  04 

135-155 

NR 

NR 

PE-315-C 

68 

Medurr  Way  0? 

284-346 

NR 

Swepco  Geai  Lube  2C 1-80  '90 

PE-1000-C 

220 

Heavy  Way  04 

900-1100 

SR 

Swepco  Gear  Lube  20 1 ,90 

PE-700-0 

150 

.ight  Gear  G>l 

630-770 

Vor-  \-P  Goaf  luop  s80 

Swepco  Geai  .uPe20'  ;0  90 

PE- 1000-0 

220 

Medium  Oeai  Oi1 

9CC-T0C 

"iton  MF  Gear  LuOe  -90 

Swepcc  Gear  Lube  20 1 -9C 

PE-2 1 50-0 

46C 

Heavy  Gear  04 

1925-2365 

Titon  M?  Gear  iuoe  s  "40 

Swe.xx  Gear  L.oe  20  '■  '40 

PC415-E 

58 

Light  E-dremaRreesuia  Goar  04 

283-347 

Tttori  MF  Gee;  Lube  #80 

Swepco  Gear  i. uca  20 . -80. 90 

PSM500-C 

320 

Heavy  ExtremeRreesure  Gear  04 

1350- -650 

Titon  MF  Gear  Lite  #140 

Swepco  Gear  Lube  201-90 

PE-OG-G 

- 

Oiing-Tyre  Gear  Sheso  -Coer  Gears) 

NR 

Swepco  Outs.ce  Gear  ..jte  504 

PE-GPG-2 

— 

Gen.  Purpose  E  P.  Gtaum-easa  Grease 

M.GI2 

Titon  Ptex  EP  #2 

NR 

PE-MG-2 

- 

Molybdenum  ~,-suifk1e  F  Grease 

Ttor  *0  Mciy  Grease 

Swepco  Mciy  Grease  'Oi 

Plant 

ISO 

Vlacoiity. 

Standard  Oil  Co. 

Engineering 

Vlacoalty 

SUS  at 

(Ohio) 

Synthetic  Oil  Corp. 

D«tignatlon 

Grads 

Lubricant  Type 

100  F 

Boron  Oil  Co. 

of  America® 

PE-150-A 

32 

Light  intorted  Hydraufc  &  Gan.  Purpoaa 

135-165 

Energol  HL  32 

SOC  Hyd  135.3 

^E-715- 

46 

Med.  Intorted  Hydraufc  &  Gan.  ftipcee 

194-236 

Energoi  HL  46 

NR 

HE-315-A 

58 

Med.-Heevy  Irtoxted  Hyd.  4  Gen.  Pupoee 

284-346 

Energol  HL  68 

NR 

PE-700-A 

150 

Heavy  intoned  Hyctaufc  &  Gen.  Pupoee 

630-770 

Energoi  FLP  150 

NR 

PE-150-HP 

32 

High-Pressure  1  Anti-Wear/  Hydraulic  Oil 

135-165 

Energol  HLP  32 

SOC  nyd  1 35  3 

PE-215-HP 

46 

High-Pressure  :  AnteWear|  Hydraufc  Oil 

194-236 

Energol  HL  -  -c 

IR 

PE-315-HP 

53 

High-Pressure  ( Anti-Wear)  hydraulic  Oil 

284-346 

Energoi  HIP  68 

NR 

PE-FRH-1 

ReResistarit  Hyd.  Fud/Syrthattc 

rR 

SOC  Hyd.  135  3 

PE-FRH-2 

Freflaswtart  Hyd.  Fkid/WsMr-Qycol 

NR 

NR 

PE-FWH-3 

- 

Fre-fies  Hyd.  Fiud/Water-CI  ErrtMon 

fR 

NR 

PF.-32-3 

2 

very  i.ignt  Spindle  Oil  ■  Over  6000  rpm) 

29-35 

trerqci  HLP  2 

SOC  Artie  30 

PE-60-6 

*C 

Ligr:  Spindle  On  ■  360C-600C  rpmi 

54-66 

Energci  HLP  '0 

NR 

PE- 105-8 

22 

Senate  Oil  ( Up  to  3600  rpm) 

95-1 '5 

Energol  HLP  22 

NR 

PE-150-C 

32 

Light  Way  OI 

135-165 

Energoi  HLP  32’ 

SOC  longhau!  1 135.3 

PE-315-C 

68 

Medun  WayOi 

284-346 

Energoi  HP-680 

SOC  Longhati  1 285.0 

PE-1000-C 

220 

■1"  IMU,  '!»  ■ 

900-1100 

Energol  HP-220C 

SOC  Longhauil  901.0 

PE-700-0 

•50 

L-ght  Gear  OH 

630-770 

Energoi  HLP- 150 

S0CG0  9C 

PE-1000-0 

220 

Medium  Gea'  Oi1 

900-1  iOC 

Energol  HLr-220 

SOC  GO  *40 

PE-2150-0 

460 

Heavy  Gear  Oil 

1935-2365 

E.rergol  HLP-460 

SCO  GO  '60 

PW15HE 

68 

light  ExtremePreaaura  Gear  Oi 

283-347 

GearepSO 

SOC  GO  90 

PE-1S00-C 

320 

Heavy  Exttme-Praesue  Gear  Oi 

1350-1660 

Gearep  60W-140: 

SOC  GO  140 

PE-OG-G 

- 

Cling-Type  Gear  Shied  i  Open  Gears) 

Gearep  OG 

SOC  Cham  Drive 

PE-QPO-2 

- 

Gen.  Pupoee  E.P.  Lithin-Baw  Grease 

N.GI2 

Bearing  Gard-2 

SOC  Grease  I 

PE  WIG-2 

- 

MclyDderum  Disulfide  E  P  Grease 

Bearing  Gard-2 

SOC  Grease  II 

'f  -’C  VSrr^nH'Ar 

c«  f  «o>r«n  KUiiv«  'arc  r  ««>  utmura  '•or»Ait«! 
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Sta-Lube,  Inc. 

Stewart-Wamer 

Corp. 

O.  A.  Stuart 

Oil  Co.  of  America 

Sun  Reftnlnfl  A 
Marketing  Co. 

Superior 

Industrial 

Lubricente 

StaLube  GPO  32 

M.  04  #"0" 

Dasco  PS- IS  Hyd.  Oil 

Suivis916 

#13-32  Hyd.  R&O  32 

Sta-Lube  GPO  46 

md.04#i 

Dasco  PS-20  Hyd.  Oil 

Suva  921 

#13-46  Hyd.  R&O  46 

StaLube  GPO  68 

Ind.  OH  #2 

Dasco  PS-30  Hyd.  Oil 

Sunvis  931 

#13-68  Hyd.  R&O  68 

Sta-Lube  GPO  150 

HD  Hyd.  Oil  #3 

Dasco  PS-70  Hyd.  Oil 

Suivts  975 

#13-150  Hyd.  R&O  150 

Premium  Clear  201 

HD  Hyd.  Oil  tt" O" 

Dasco  PS-15  Hyd.  Oil 

Sunvis  706,  816WR 

#  14-32  Hyd  R&O  AW  32 

Premium  Clear  202 

HD  Hyd  Oil  #1 

Dasco  PS-20  Hyd.  Oil 

Sunvis  747.  821WR 

014-46  Hyd  R&O  AW  46 

Premium  Clear  203 

HD  Hyd.  Oil  #2 

Dasco  PS-30  Hyd.  Oil 

Sunvis  754,  831 WR 

014-68  Hyd.  R&O  AW  68 

NR 

NR 

Dasco  FR  420  Hyd.  Fluid 

NR 

080-61  FR  Synthetic  Fluid 

NR 

NR 

Dasco  FR  201  Hyd.  Fluid 

NR 

#8060  FR  40  XD  Fluid 

NR 

NR 

Dasco  IFR  Hyd.  Fluid 

Sunsafe450 

#8062  Invert  FR  Puid 

Moly  Shur  Spindle  Oil  X -Light 

NR 

Dasco  1473 

NR 

O80-50-2  Super  Spin  2 

NR 

Spindle  Oil  “A" 

NR 

Solnus  55 

•  080- 5C  Super  Spin  10 

Moly  Shur  Spindle  Oil  Medium 

Spindle  Oil  "A" 

Astral  0045 

Sunvis  9 1 1 

080-52  Suoer  Som  22 

Moly  Sbur  ROW  150 

fF 

IF 

Lubeway  1706 

#8-150  Slide-A-Way  32 

Moly  Sbur  ROW  315 

NR 

Sturaco  7140  Way  Lube 

Sun  Way  Lube  1 180 

#8-320  Slide-A-Way  68 

Moly  Sbur  ROW  1000 

IF 

Sturaco  7164  Way  Lube 

Sun  Way  Lube  1 190 

#8-460  SMe-A-Way  220 

Clear  Sbur  GO  150 

HD  Hyd.  Oil  # 4 

Sturaco  7134 

Sunvis  975.  775 

O3001  Mineral  Gear  Cn  jgm 

Clear  Sbur  GO  220 

HD  Gear  Oil  tt 5 

Sturaco  7 135 

Sunvis  999  790 

O9C02  Mineral  Gear  Ci  Medium 

Clear  Shur  GO  460 

HD  Gear  Oil  tt  7 

Sturaco  7 137 

Sunvis  91 12 

O90C3  Mineral  Gear  Cd  heavy 

Moly  Sbur  2EP80W 

IF 

Sturaco  7132 

Su»p  1050 

#968  HD  Gear  Oil  68 

Moly  Shu  6EP  940 

HD  Gear  Oi  #7 

Sturaco  7136 

Sunep  1090 

#9-320  HD  Gear  Oil  320 

l  Moly  Sbur  383  EP  OG 

Gear  Coating  "C" 

Sturaco  7105 

Sunep  Comoound  250  SF 

Clear  Shu  MPEP  #2 

Kf  lithun 

IF 

Sun  Prestige  742  EP 

#8-012  EP  Lithium  2  frease 

Moly  Shur  BRB  #2 

NR 

NR 

Sunaplex  882  EPM 

#801  •  Mc*y  L'tr  EP  o2  Grease 

Tower  Oil  & 

Tri-State  Industrial 

Tech-Lube  Corp. 

Texaco  Inc. 

Taxaa  Refinery  Corp. 

Technology  Co. 

Lubricants,  Inc. 

Ultrachem  Inc.* 

Off  Leak  10  LT 

Regal  Oil  R&O  32 

TRCHyd.  Oi  SAE  10 

HydroiCC 

Hydro-Flo  #15 

Chemkibe207 

Off  Leak  10 

Regal  Oil  R&O  46 

TRC  Hyd.  04  SAE  10 

HydroiD 

Hyt»o-Fb#2 

Chemlube2’7 

Off  Leak  20 

Regal  Oil  R&O  68 

TRC  Hyd.  Oi  SAE  20 

Hydro4  EE 

Hydrr>flo#3 

Chemlube2l7 

Off  Leak  10/50 

Regal  Oil  R&O  150 

TRC  Hyd.  Oi  SAE  30 

HydraiF 

Hyckoflo  #65 

Chemlube75i 

mrnrr 

Rando  Oil  HD  32 

TRC  Hyd.  Oil  SAE  10 

Hydroil  4  W-3 

Hydro-Flc  AW- 15 

NR 

TH  10 

Rando  Oil  HD  46 

TRC  Hyd.  Oil  SAE  10 

Hydroil  AW-4 

Hydro-Flo  AW-2 

Chemlube  217 

TH  20 

Rando  Oil  HD  68 

TRC  Hdy.  Oil  SAE  20 

Hydroil  AW-5 

Hydro-Flo  AW-3 

Chemiube  2 1 7 

THPH 

Safetytex  46 

NR 

NR 

IF 

NR 

TH  150  WS 

Hyd.  Salety  Fluid  46 

NR 

FR  Fluid  40 

Flo  Kod  AFH-AW 

NR 

THW 

FR  Hydrafluid  82 

fF 

Safo4  #22 

IF 

NR 

ISO  5 

NR 

NR 

Durol  AA 

#30  Spindle 

NR 

TSO  10 

Spindura  Oil  10 

NR 

Durol  A 

#60  Spindle 

NP 

rso 

Spindura  Oil  32 

TRC  Spindle  Oil  SAE  5 

Durol  B 

#  i  Spindle 

Chemspm  22 

T  10  LT 

Rando  04  32’ 

TRC  Rock  Dr*  04 10 

#15  Way  &  Gear  Lube 

Sta-Lube  #15 

IF 

T  20 

Way  Ldbe  68 

TRC  #890  Van  Pupoee  75 

#47  Way  Lube 

StaLube  #3 

NR 

T  90 

Way  Lube  220 

TRC  #690  Vart  Pupoee  80/90 

#95  Way  &  Gear  Lube 

StaLube  #9 

NR 

T  75' 80 

Regal  Oil  R&O  150 

TRC  #790  Sure  Untv  Gear  Lube  80 

Express  Gear  Lube  F 

Gearmate  #65 

Chemiube  85W-9C 

T  90 

Regal  Oil  R&O  220 

TRC  #790  Sure  Umv  Gear  Lube  90 

Express  Gear  Lube  GH 

Gearmate  #9 

Chemiube  ’4C 

T  140 

Regal  Oil  390 

TRC  #790  Sure  Univ  Gear  Lube  140 

Express  Gear  Lube  J 

Gearmate  #2100 

ChemluDe  250 

T20EP 

Meropa  68 

TRC  #800  Van  Purpoee  75 

Express  Gear  Lube  EF 

Gearmate  EP  #3 

NR 

T  90/140  EP 

Merope320 

TRC  #890  Vart  Purpose  80/90 

Express  Gear  Luba  GH 

Gaarmats  EP  #1600 

Chemiube  250 

TG  OG 

Crater  2X  Fluid 

TRC  Takilube 

Kotall 

Sla-Lube  EP  #9 

Vischem  373 

TGLrtfiwn  EP2 

MultifakEP2 

GrealR 

a-85 

Vischem  352 

TG  M2 

Molylex  EP  2 

TRC  Moty  EP 

Grezall  ME- 1 

GL-88 

Vischem  350M 

*  Straijrt  Dftospnate  aster  Vads  a  vs mtM  r  f<x#  vseosrtv  grades  9  $y*r*hc  luoncsrts 

Avafsou  r  ange  J  v«cosrt>« 

,Q  41  products  tror  ocryaliytene  yyo  case  vocus  fl 

9  vvtyjs  SO  grades 

Anhydrous  oronuci  txjr  water  ixt# 
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Plant 

Engineering 

Designation 

ISO 

Viscosity 

Grade 

Lubricant  Type 

Viscosity, 

SUSat 

100  F 

Union  Carbide  Corp.*  10 

PE-150-A 

32 

Light  InMxted  HydratAc  &  Gen.  Pupose 

135-165 

Ucon  LB-135XY-26 

PE-215-A 

46 

Med.  Inhibited  Hydraulic  &  Gen.  Pupose 

194-236 

Ucon  LB-170XY-26 

PE-315-A 

68 

Med.-Heavy  mhbrted  Hyd  &  Gen.  Pupose 

284-346 

Ucon  LB-300XY-26 

PE-700-A 

150 

Heavy  Inhibited  Hydraulic  &  Gen  Pupose 

630-770 

Ucon  LB-650XY-26 

PE-150-HP 

32 

High-Pressure  |  Anti-Wear)  Hydraulic  Oil 

135-165 

'Jeon  Hyd  Fluid  AW32 ■  WS-34 1 1 

PE-215-HP 

46 

High-Pressure  i  Anti-Wear)  Hydraulic  Oil 

194-236 

Ucon  Hyd  Fluid  AW46 

PE-315-HP 

68 

High-Pressure  ( Anti-Wear)  Hydraulic  Oil 

284-346 

Ucon  Hyd  Pluid  AW68 

PE-FRH-1 

— 

Fire-Resistant  Hyd.  Fluid /Synthetic 

NF 

PE-FRH-2 

— 

Fire-Resistant  Hyd.  Fluid/ Water -Glycol 

Ucon  HyUotube  CC-7467 

PE-fRH-3 

— 

Fire-Res.  Hyd.  Find  /Water-Oil  Emulsion 

NR 

PE-32-8 

2 

Very  Light  Spindle  Oil  (Over  6000  rpm) 

29-35 

NR 

PE-60-8 

10 

Light  Spindle  Oil >  3600-6000  rpm) 

54-66 

NF 

PE-105-B 

22 

Spindle  Oil  (Up  to  3600  rpmi 

95- ’15 

NR 

PE-150-C 

32 

Light  Way  Oil 

135-165 

hF 

PE-315-C 

68 

Medium  Way  Oil 

284-346 

M3 

PE-1000-C 

220 

Heavy  Way  Oil 

900-1100 

NF 

PE-700-0 

'50 

Light  Gear  Oil 

630-770 

Ucon  Gear  tube  '50 

PE- 1 000-0 

220 

Medium  'Gear  Oil 

900-  HOC 

Ucon  Gear  Luoe  220 

PE-2150-D 

460 

Heavy  Gear  Oil 

'935-2365 

Ucon  Ld-  80C4n-' 

PE-315-E 

68 

Light  Extreme-Pressure  Gear  Oil 

283347 

Ucon  Gear  Lipe  68  EP 

PE-1500-E 

320 

Heavy  Extreme-Pressue  Gear  Oil 

1352-1650 

Ucon  Gear  Lube  220EP 

PE-OG-G 

— 

Ciing-Type  Gear  Shield  (Open  Gear  si 

NF 

PE-GPG-2 

— 

Gen  Pupose  E  P  Li!hiuTv8as8  Grease 

NLGi  2 

MR 

PE-MG-2 

Mciypoenum  Disulfide  E  p  Geese 

’  iF 

Plane 

Engineering 

Designation 

ISO 

Viscosity 

Grade 

Lubricant  Type 

Viscosity, 

SUSat 

100  F 

West  Penn  Oil  Co.,  Inc. 

The  White  A  Bagley  Co. 

PE-150-A 

32 

Light  inhabited  Hyarauhc  &  Gen.  Pupose 

135-165 

W/P  FBM-150 

W&B  Super  Hyd.  Oil  150 

PT  215-A 

46 

Med  intituled  HyUauhc  &  Gen  Pupose 

194-236 

W'P  HBM-200 

W&B  Super  Hyd.  OH  225 

PE-315-A 

68 

Mec  -Heavy  Inhibited  Hyd  &  Gen.  Pupose 

284-346 

W/P  HBM-300 

W&B  Super  Hyd  Oil  300 

PE-7CO-A 

150 

Heavy  inhibited  Hydraulic  &  Gen.  Pupose 

630770 

W/P  FBM-650 

W&B  Super  Hyd  Oil  600 

PE-150-HP 

32 

Hgr. -Pressure  i  Anti-Wear)  Hydraulic  Oil 

135-165 

W  P  AWFM50 

W&B  Soper  Hyd  Oil  1 50 

PE-215-HP 

46 

Hign-Rressure  :  Anti- Wear!  Hydraulic  Oil 

194-236 

W.F  AWH-29C 

W&B  Super  Hyd  Oil  225 

PE-315-HP 

ir 

-ugh-F'essure  i  Anti-Wean  Hydraulic  Oil 

284-346 

W  P  AWH-300 

W&B  Super  Hyd  Oil  300 

PE-fRH-1 

— 

Fire-Resistart  Hyd  Fluid  /Syrithetic 

hF 

NR 

PE-FRH-2 

— 

Fire-Resistant  Hyd  F\*t/ Water -Gfycoi 

NR 

fiF 

PE-FRH-3 

~ 

Fire-Res  Hyd.  Fluid /Water-Oi  Emulsion 

fiF 

fiF 

PE-32-B 

2 

very  Light  Spinale  Oil  ( Over  6000  rpmi 

29-35 

W  -  P  Wesispin  33 

W&B  Precision  Spinale  Oil  45 

PE-608 

* r 

L"';r:  St, male  Cn  36CC-6000  rpm 

54-66 

W'P  Wesispin  36 

W&B  Universal  Spindle  Oil  60 

PE-105-B 

5c  -Kile  Oil  i  uc  'c  3600  rpmi 

95-H5 

W  P  Wesispin  3 10 

W&B  Universal  Spindle  Oil  100 

PE-150C 

32 

Light  Way  Orl 

135-165 

W/P  Pennway  Light 

W&B  Light  Hyd.  &  Way  Lube 

PE-315-C 

68 

Medium  Way  Oil 

284-346 

W'P  Pennway  Med. 

W&B  Med.  Way  Lube 

PE-IOOO-C 

220 

Heavy  Way  Oil 

900-1100 

W/P  Pennway  Heavy 

W&B  Heavy  Way  Lube 

PE-70O-D 

'50 

.ght  Gear  Gil 

630-770 

W  P  Mineral  Gear  Lignt 

W&B  Hyaline  Oil  H 

PE-1000-0 

222 

Medium  Gear  Oil 

9001100 

W/P  Mineral  Gear  Med 

W&B  Hyaline  Oil  J 

PE-2150-0 

460 

Heavy  Gear  C.u 

1935-2365 

W .  P  Mineral  Gear  Heavy 

W&B  Hyaline  Oil  L 

PE-315-E 

68 

Light  Extreme-Pressue  Gear  Oil 

283347 

W/P  APG  60 

W&B  EP  Gear  OH  SAE  80-W 

PE-150O-E 

320 

Heavy  Extrwnefressue  Gear  Ol 

13501650 

W/PAPG96 

W&B  EP  Gear  Oil  SAE  90 

PE-OG-G 

_ 

Citrg  T  ype  Gear  Sh'ieid  i  Open  Gears) 

W/POGS 

Oilzum  Open  Gear  Lube 

PE-GPG-2 

- 

Gen  Pupose  E  P  Ldhium-Base  Grease 

NLGI  2 

W/PLrth  #2EP 

Oitzun  Multi-Pupose  Lube 

PE-MG-2 

- 

Molybdenum  Disulfide  E  P  Grease 

W/PMoly  Lith  #2  EP 

Oilzum  Moly  Lube 

■f  '*  «...  i’i 

- 
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Union  Oil  Co.  of  California 

U.S.  Industrial 

Weatem  Region 

Eastern  Region 

United  Refining  Co. 

Lubricants 

Vlacoalty  Oil  Co. 

Wallover  Oil  Co. 

Turbine  Oil  32 

Unax  RX  32 

Emblem  R&O  150 

Polymer  141 

PT0  32AZ 

Woco  Turbine  &  Hyd.  Oil  150 

Turtxne  OH  46 

Unax  RX  46 

Emblem  R&O  200 

Polymer  141 

PT0  46AZ 

Woco  Turtxne  and  Hyd.  Oil  200 

Turtxne  OH  68 

Unax  RX  68 

Emblem  R&O  300 

Polymer  141 

PT0  68A2 

Woco  Turtxne  &  Hyd.  OH  300 

Turbine  Oil  150 

UnaxRX  150 

Emblem  R&O  650 

Polymer  142 

rTO  150  AZ 

Woco  Turtxne  &  Hyd  OH  700 

Unax  AW  32 

Unax  AW  32 

Emblem  AW- 160 

Polymer  141 

PTO  32  AZ 

Woco  Hyd  Oil  AW- 150 

Unax  AW  46 

Unax  AW  46 

Emblem  AW-200 

Polymer  141 

PTO  46  AZ 

Woco  Hyd  Cl!  AW-200 

Unax  AW  68 

Unax  AW  68 

Emblem  AW-300 

Polymer  14! 

PTO  68  AZ 

Woco  Hyd  Oil  AW-300 

NR 

NR 

NR 

FR-2 

NR 

NR 

NR 

NR 

NR 

WGF  200/300 

NR 

NR 

FRFlukJ 

FR  Fluid 

NR 

FR-WO 

NR 

NR 

NR 

NR 

NR 

Polymer  140 

Vertex  40 

Wocospm  35 

NR 

NR 

Emblem  R&O  55 

Polymer  140 

S-6 

Wocospm  57 

Turbine  Oil  22 

Unax  22 

Emblem  R&O  100 

Polymer  140 

s-io 

Wocosom  '00 

Way  Oil  HD  32 

NR 

Emblem  Powerway  150 

Polymer  141 

Visway  1 

Woco  AWT-150 

Way  Oil  HD  68 

Way  Oi  HD  68 

Emblem  Powerway  350 

Polymer  142 

Visway  2 

Woco  AWT-300 

Way  Oil  HD  220 

Way  Oil  HD  220 

Emblem  Powerway  900 

USL-90 

Visway  4 

Woco  AWT- 1000 

Unax  150 

Unax  150 

United  Premium  40 

USL -80 

PTO  150  AZ 

Woco  Regular  Gear  Crl  7C 

Unax  220 

Unax  220 

Emblem  Mineral  Gear  90 

USL-S0 

PTO  220  AZ 

Woco  Regular  Gear  Cii  30 

Unax  460 

Unax  460 

Emblem  Mineral  Gear  140 

USL- 1 40 

PTO  460 

Wocc  Regular  Gear  C/  *30 

Extra  Duty  NL  2  EP 

Extra  Duty  NL  2  EP 

Emblem  APG  80 

USL-30 

Rex  2  EP 

Woco  EP  Gear  Oil  50 

Extra  Duty  NL  6  EP 

Extra  Duty  NL  6  EP 

Emblem  APG  96 

USL-90/ 140 

Rex6EP 

Woco  EP  Gear  Oil  105 

Geante  Heavy 

Gearite  Heavy 

Emblem  Open  Gear 

Cling-Tac 

Outside  Gear  Lube 

NR 

UnobaEP  #2 

UnobaEP  #2 

Emolube  302  EP 

Poly-Temp 

EP  urn  #2 

Woco  EP  Lifxum  Grease  #2 

Uncba  Moly  HD  #2 

Unoba  Moly  HD  #2 

Emolube  292 

Moly  X-D 

HD  Moly  #2 

Wocc  Mely-Lith  Grease  -2 

Wylie  Lubricants 
CW  Petroleum  and 


White  &  Begley  of  Mlchigen,  Inc. 

Arthur  C.  Withrow  Co. 

Chemical,  Inc. 

O.  F.  Zum  Co. 

PerxvMar  Super  Hyd.  O1 150 

SUch Lube  Oi 

Turbmol  32 

Zumpreem  15A 

PenrvMar  Super  Hyd.  Oi  225 

S  Med.  Lube  Oi 

Turbmol  46 

Zumpreem  21A 

PerwAtar  Super  Hyd.  01300 

S  MecWtvy.  Lube  Oi 

Turtwnol  68 

Zixnpreem  30A 

Pern-Mar  Super  Hyd.  Oi  600 

S  Exta  Heavy  tube  OI 

Turbinol  150 

Zumpreem  70A 

PerxvMar  Super  Hyd  Oil  150 

H  Light  AW  Hyd  Oil 

Turbinol-AW  32 

Zurnpreem  15A 

PerxvMar  Super  Hyd.  Oil  225 

H  Med.  AW  Hyd  Oil 

Turbinol-AW  46 

Zumpreem  21 A 

PenrvMar  Super  Hyd  Oil  300 

H  Meo-Hvy  AW  Hyd  Oil 

Turbinol- AW  68 

Zurnpreem  30A 

NR 

NR 

TurtxnoPFR  Fluid 

NR 

NR 

Wllirow  841  Safety  Hyd.  FUd 

T urbvvol-FR-G  Fluid 

NR 

NR 

NR 

TurtxnoRPR-E  Fluid 

NR 

PenrvMar  R&O  Spindle  Oil  45 

NR 

NR 

Zurnpreem  3A 

PenrvMar  R&O  Spindle  Oil  60 

H-60  AW  Hyd  Oil 

Turbinol-S  '0 

Zurnpreem  6A 

PenrvMar  R&O  Spindle  Oil  100 

H  Light  AW  Hyd.  Oil 

Turbinol-S  22 

Zurnpreem  10A 

PenrvMar  Light  Hyd.  &  Way  LJ» 

Witrow  625-150  Way  Oi 

Turtxnot-Way  32 

Zum  Waylube  15 

PenrvMar  Med.  Way  Lube 

mnm  625-300  Way  Oi 

TurtxnoRWay  68 

Zum  Waylube  80 

PenrvMar  Heavy  Way  Lube 

Wferow  625-900  Way  Oi 

Turtxnol-Way  220 

Zum  Waylube  90 

PenrvMar  EP  Gear  Oil  #2 

Withrow  EP-4  Gear  Oil 

Turbmol-Gear  150 

Zurnpreem  70A 

Dan-lube  K 

Withrow  EP-5  Gear  Oil 

Turbinol-Gear  220 

Zurnpreem  95A 

PerxvMar  EP  Gear  Oil  #4 

AP  Gear  Oil  SAE  140 

Turbinol-Gear  460 

Zurnpreem  140A 

PanrvMvB>GeorOi#f 

NR 

TurtxnoPGear  EP  68 

Zum  EP  Lube  68 

Penn  Mar  EP  Gear  Oi  #3 

AP  Gear  Oi  SAE  90 

Turtxnol-Gear  EP  320 

Zum  EP  Lube  320 

PenrvMar  Open  Gear  Shield  800 

NR 

Turbinol  Operi  Gear  G 

Zurn  Open  Gear  Lube 

PenrvMar  Kote  Z- 1120-2 

UWumEP  #2  Grease 

Turbmol  EP  2  Grease 

Zin  N©  #2  EP  Grease 

PerxvMar  Kote  Z- 1420-5 

Moty-Dee  Multi-Purpose  Grease 

T urbmol  SD  Grease 

Zurn  MD  «2-Moly  Grease 

6  Stag t*  p toaprwft  Us  avfttam  r 'a/  *sco«rtv  grades  9  Synihptir  tfjncants 
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Table  El.  Viscosity  ranges  for  AGMA  lubricants 


Table  E2 


AGMA  lubricant  number  recommendations  for 
enclosed  helical,  herringbone,  straight  bevel, 
spiral  bevel,  and  spur  gear  drives 


Low- speed  center  distance 


AGMA  lubricant  No.  2/  3/ 
Ambient  temp  4/ 


-10-+10  °C 

10-50  °C 

Type  of  unit  2/ 

(Size  of  unit) 

(15-50  °F)  5/ 

(50-125  6F) 

Parallel  shaft 

(single  reduction) 

2-3 

3-4 

up  to  200  mm 

(to  6  in.)  6/ 

Over  200  mm  up  to  500 

an 

(8  to  20  in)  6/ 

2-3 

4-5 

Over  500  mm 

(Over  20  in) 

3-4 

4-5 

Parallel  shaft 

(Double  reduction) 

Up  to  200  mm 

(To  8  in)  6/ 

2-3 

3-4 

Over  200  mm 

(Over  8  inT 

3-4 

4-5 

Parallel  shaft 

(Triple  reduction) 

Up  to  200  mm 

(To  8  in) 

2-3 

3-4 

Over  200  mm,  up  to  500 

mm 

(8  to  20  in)  6/ 

3-4 

4-5 

Over  500  mm 

(Over  20  in)  S/ 

4-5 

5-6 

Planetary  gear  units 

(Housing  diameter) 

Up  to  400  mm 

(To  16  in)  OD 

2-3 

3-4 

Over  400  mm 

(Over  16  in)  OD 

3-4 

4-5 

Straight  or  spiral  bevel 

gear  units 

Cone  distance  up  to 

300  mm 

(To  12  in)  6/ 

2-3 

4-5 

Cone  distance  over  300 

ma 

(Over  12  inT  6/ 

3-4 

5-6 

Gear  motors  and  shaft- 

mounted  units 

2-3 

4-5 

High-speed  units  7/ 

1 

2 

V  Drives  incorporating  overrunning  clutches  as  backstopping  devices  should  be 
referred  to  the  gear  drive  manufacturer  as  certain  types  of  lubricants  may 
adversely  affect  clutch  performance. 

2/  Ranges  are  provided  to  allow  for  variations  in  operating  conditions  such  as 
surface  finish,  temperature  rise,  loading,  speed,  etc. 

3/  agma  viscosity  number  recommendations  listed  above  refer  to  RAO  gear  oils 
shown  in  table  2,  EP  gear  lubricants  in  the  corresponding  viscosity  grades  may 
be  substituted  where  deemed  necessary  by  the  gear  drive  manufacturer. 

4/  For  ambient  temperatures  outside  the  ranges  shown,  consult  the  gear 
manufacturer.  Some  synthetic  oils  have  been  used  successfully  for  high-  or 
1  o«.'- temperature  applications. 

5/  Pour  point  of  lubricant  selected  should  be  st  least  5  °C  lower  than  the 
expected  minimum  ambient  starting  temperature.  If  the  ambient  starting 
temperature  approaches  lubricant  pour  point,  oil  sump  heaters  may  be  required  to 
facilitate  starting  and  ensure  proper  lubrication. 

6/  Inch  unit  as  shown  are  approximations. 

1/  High-speed  units  are  those  operating  at  speeds  above  3,600  rpm  or  pitch  line 
velocities  above  25  m/s  (5,000  fpm)  or  both.  Refer  to  Standard  AGMA  421, 
Practice  for  High  Speed  Helical  and  Herringbone  Gear  units,  for  detailed 
lubrication  recommendations. 

From  Standard  AGMA  250.04,  Lubrication  of  Industrial  Enclosed  Gear  Drives. 
American  Gear  Manufacturers  Association,  Arlington,  Virginia,  1974. 


E3 


AGMA  lubricant  number  recoaaendat i ons  for  enclosed  cylindrical,  and 
double- enveloping  worm  gear  drives 


I 


c 

CO 

u 

1_ 

d 


3 


c 

<0 

o 

L. 

A 

3 


\ 
CSI » 


9 

L- 

3 


<9 

i. 

9 

Cl 


c 

0) 


d 

fl 

< 


cg| 

03 

L. 

3 

w 

<9 

L. 

03 

Cl 

fi 

03 


c 

o 

d 

e 

< 


CD 

O 

m| 

C  T3 

L. 

* 

—  03 

d 

lu 

B 

3 

o 

CL 

CL 

CL 

CL  0. 

3  03 

(ft 

O 

UJ 

UJ 

UJ 

Lu  UJ 

03  G3 

0>  3 

o  A 

W  3 

d  — 

3 

CM 

CO 

r-- 

r- 

ft-  ft- 

lA 

3  (ft 

9  C 

- 

O  f— 

—  03 

w  •— 

9  •  O 

C 

A 

- 

*> 

•  * 

—  L. 

0) 

u  b  a 

o 

O 

CL 

CL 

a 

a.  a 

a.  a  o.  d  d 

03 

c  o 

.  9  D 

*J 

o  —» 

e 

B 

B 

b  b 

B  B  B  B  B 

03  JZ 

o 

9  W 

O' 

4-J 

o 

O 

O 

o  o 

o  o  o  o  o 

(.  > 

9 

U  (ft  5s 

c 

© 

o 

o 

o 

o  o 

a  a  o  u  u 

CD 

L.  9 

i-  >S~ 

O  A 

>» 

9  L. 

O  eft  C 

BB 

^  M— . 

CO 

f- 

r-. 

r«».  fo¬ 

co  CO  00  CO  03 

d  — 

U  O' 

u.  o 

Cb 

■M  C 

3  9 

3 

< 

V 

o  o 

W  3 

9  9- 

m| 

d 

U 

L.  9  L. 

- 

3 

9  3 

—  w  a 

c 

O 

U-  03 

v-  C 

3  .  > 

o 

o  u_ 

a. 

CL 

il.  CL 

O  AJ 

3  « 

O’  9  9 

o 

a 

LU 

UJ 

UJ  UJ 

3 

C 

9  U  B 

*J 

© 

U J 

— * 

Q  (ft 

u  u  o 

CD 

O 

r— 

ft- 

r-. 

r— 

03  — 

B  u 

o  d 

♦  A 

3  4-» 

9 

>eW 

(J 

- 

- 

k 

-  «i 

CD  «0 

L.  *J 

CD 

o 

O  O 

O. 

Cl 

a 

a.  a 

cl  a  ci  d  d 

L.  n 

CD  9 

B  <0  3 

(ft 

♦J  4-» 

E 

fi 

fi 

B  fi 

e  fi  k  b  b 

03  3 

9  B 

9 

ift 

O 

o 

o 

o  o 

o  o  o  o  o 

(0 

O'  — 

3  d  (ft 

< 

O  A 

o 

a 

o 

CJ  o 

o  u  o  o  o 

W 

9  uj  3 

C  03 

*-»  — 

9  — 

(ft 

•  * 

r— 

r-~ 

a. 

f--  r-. 

aO  oo  ao  co  OO 

03  d 

MB 

d  B  9 

3  fl 

(ft  d 

9 

«  > 

«0 

3 

L. 

>  CD 

c  *- 

O'  9  3 

3 

N 

—  fl 

o  o 

C  eft  — 

4U 

! 

3 

u 

—  3  3 

(J 

O  (0 

(ft 

d  O 

® 

UJ  03 

c 

d  9  d 

T3  a 

3 

•  o 

3  d  eft 

3 

O)  Q» 

CO 

3  — 

u 

C 

03  1_ 

‘  L. 

Q)  -> 

—  (ft 

® 

d  — 

o 

o 

o 

o  o 

c*  o  o  o  c 

qj  cn 

«u  00 

eft 

o 

A 

o 

A  O 

O  AO  AO 

u 

u  fi 

B  —  — 

03 

r-- 

cr 

m 

CJ  CM 

r-  cr  m  cm  cm 

—  >s 

9  — 

d  B  O 

1b 

•  > 

>  *-* 

d  x 

CD 

t*  o 

u  — 

X  o 

9  d 

9 

C*  JD 

03  <33 

9  U 

O  —  u 

o 

3t  co 

C0  O 

d 

O  d  3 

O 

9  d 

O  CD  CO 

c 

l.  i/y 

L.  CD 

- 

CO 

co  — 

3 

CM 

u 

03  > 

*->  9 

■ — ■  9  • 

O' 

CD  U 

>  (ft 

c 

m  | 

03 

i_  •  CD 

O  O  ~ 

9 

B  u 

9  — * 

9  Jfl  — 

E 

L.  C 

Cl  u- 

(ft  Q  O 

< 

Lt- 

O  03 

fi  o  — 

O  O 

o. 

a. 

a. 

CL  Q. 

B  3 

9  9 

B  9  <*- 

o 

uj 

Ui 

UJ 

uj  uj 

C 

j-»  o  d 

d  O 

(ft 

A 

—  o 

A  C 

o  *-> 

9 

O  CM 

00 

co 

00 

CO  CO 

CD  d 

4-»  *“  9 

4“  Cft 

> 

A  *— 

CJ  l/> 

e  u 

C  9 

* 

«* 

•> 

-  % 

d  a.  d  d  d 

—  0) 

9  >i£ 

U  —  d 

1b 

O  O 

a. 

CL 

CL 

a.  a 

B  B  B  B  fl 

c  &- 

—  —  «D 

O  >, 

o 

+->  4-> 

B 

B 

B 

b  e 

o  o  o  o  o 

3  L. 

d  9  U. 

3  4-» 

O 

o 

O 

o  o 

o  o  u  u  o 

C  O 

B 

B  9 

L. 

O  O 

u 

o 

O 

o  o 

—  o 

CD  (D  eft 

d  3  L. 

CD 

»-  kA 

<  <  <  <  < 

0— 

B  9 

U  C  9 

9 

00 

00 

00 

00  00 

oo  co  CO  CO  00 

>\  03 

B  —  9 

9  d 

<3 

U  -C 

3  X  U 

o  e  -j 

«J 

BOO* 

O  fi  o 

3 

\ 

L. 

—  U  9 

O'  o 

9 

mi 

o  c 

C  d3 

-  U  O' 

eft 

w  — 

—  d 

CM  9  C 

O 

o  ■ — • 

B  CD  C 

Vb  •  — 

o  u_ 

a. 

a. 

a. 

a.  a 

03  0» 

9  Cft 

o 

o 

UJ 

UJ 

UJ 

UJ  UJ 

9 

>  C  3 

C 

O 

d  — 

d  o  (ft 

O  9 

UJ 

**-  O 

ft- 

r*- 

c-  r-. 

CO  o 

(JO  9 

d  d  >* 

♦  A 

*J 

O' 

CD  — 

B— 

* 

* 

- 

•  - 

—  a. 

c  o  c 

CD 

O  O 

CL 

a. 

a 

CL  CL 

d  d  d  d  d 

3  uj 

CD  <D 

Cft  >s  L_ 

4-»  W 

e 

6 

B 

fi  fi 

fi  B  B  B  fi 

(/> 

d  •  L. 

3  —»  O 

(b 

o 

O 

O 

o  o 

o  o  o  o  © 

•> 

4-» 

9  —  *-> 

4-» 

©  A 

o 

U 

o 

o  u 

O  U  CJ  uo 

3  O' 

B  9 

9  Cft  U 

(ft 

^  »“ 

03  C 

(ft  O  U 

d  O  CD 

3 

i  ' 

N 

ft- 

r— 

c-  c- 

ao  0O  (O  ao  CO 

L  — 

eft  —  3 

eft  u  u- 

3 

03  L. 

03  9  W 

ift  (ft 

C 

3  CD 

—  d  cd 

4J  —  — 

—  0) 

u 

CD  >  — » 

a  — 

tfl  O'  • 

9  eft  9 

CD 

W- 

3  ■ 

c  u 

d  9  d 

O'  4-  (ft 

O 

■ 

Q. 

O  B  0) 

i.  B 

C  9 

(- 

3  U 

o 

o 

o 

o  o 

o  o  o  o  o 

U  U  U  3  3  03 

MB  b  9 

c 

O 

01  • — • 

o 

A 

o 

A  O 

O  A  o  AO 

O  3 

—  *J  w 

«J  O  *J 

o 

3 

0) 

9 

m 

CM  CM 

r*-  9  m  cm  cm 

0)  B  *-» 

3  CD 

CD  —  CD 

d  o 

L.  O 

Ol-3 

L.  1b 

w 

u)  «-* 

CD  O'  CD  d  03  C 

9  W  03 

C  w 

eft  d  <D 

d  O  d 

o 

C0  —  3 

B 

o  o 

•—  d  C  3  0)  Cfl 

«u 

l- 

—  O  CD 

9  *■*  9 

9  C  O  • 

d 

““o 

O  —  B 

eft  d 

d  CD  eft  L. 

=> 

• 

• 

9 

3  J-»  U 

>i  O  *-  9 

-jl 

C 

w  ^  c 

3  >  L. 

c  c 

*-»  —  CD  L. 

s  •  — 

9  C  CD 

—  9  — 

U  3 

Cf 

03 

c  a 

B 

B 

cotC  B  B  B 

3  03  03 

L  fl  >  J 

o 

> 

—  B 

B 

B 

9 

—  B  S  B  9 

e  .  o»  o  d  c 

9  3  CD  CJ 

CM 

B  CM 

3  9 

fl  — 

d  •—  8  CO 

o 

v- 

vO  O 

O 

O 

LvOO  O  O 

O  —  B 

9  CD 

4U  w 

A 

3 

o 

A 

O 

L. 

O  o  A  o  U 

dd  U  d  eft 

—  CD  eft  3 

CM 

S  O  m 

9 

sO 

—o  03 

Bom  9  so  «— *  a) 

fi  3  O 

W  U  9 

9  9  C 

L. 

m  I  w 

•  > 

_  *-*  — ‘  _  — »  •  > 

O  O  B 

O  U 

-  >  CD 

< 

*0 

—  c 

•  O 

c  o 

c  o 

O'—  o  •  o  c  o  c  o 

O  3 

U.  W  C 

w  —  -  fl 

x 

03 

B  4-» 

C  *■» 

•—  4-» 

C  *J  C  u  -  J  - — • 

9 

O  <D 

O  ID  L 

o 

O' 

L  fi 

—  B  — 

3  t-  d 

eft  *•> 

L.  3  9 

O  6  fl 

B 

00  B 

cr  b 

d  B  B  fl  ao  B  O'  B 

C  O  J 

4->  e  eft 

eft  9  d 

■ 

*  B 

CM  B 

•-  fl 

CM  B 

O  B  <M  fi  r-  fl  CM  B 

9  U. 

c  o  — 

L  C  (.  J 

3 

o 

O 

-ino 

O 

o  o 

o  o 

—  o  *- 

03  A  O  OOOOO 

>» 

a.  d 

—  —  3 
o  «-» 

CD  9  CD 

9  O'  9  >» 

W 

CD  . 

B 

<0  ^  A 

o  o 

<->  A 

w  O 

>  *—  A  OOa-»AWO 

UJ  • 

d  CD  L. 

O'  O'  d 

3 

u  »— 

4-»  m 

9 

vO 

c  *-  *j  m  ^  \o 

9  > 

3  9 

c 

C 

*“  o 

CM 

00 

uj  O  CM  ao 

d  —  l- 

c  C  *J 

B  —  fl  — 

03 

u  *-»  u 

sO  L 

*-  L. 

*-  L. 

i  *-*UsOU—  t_*-L. 

J  fl  d 

3  9  C 

1b  L.  CD 

d 

3  03 

— •  0) 

—  03 

03 

03  03—03  —  03—03 

O  CD  Cft 

O  B  9  • 

O  O  > 

(ft 

C  d  > 

> 

> 

> 

—  d  >  >  >  > 

COW  i/)l  KO  C 

X  •  3t  O 

“30 

o 

o 

o 

d  3  o  o  o  o 

03 

o  5 

C  1b 

B  C 

_ 

3 

9  U 

u  o 

o  d 

L. 

> 

n 

o 

•^d  0) 

M  9  >vd 

\  -  S  d 

o 

w 

°  VA 

*-!«■>  c  cm l L.  m| eft 

3“|4-»  AMD 

u. 

Viscosity  ranges  for  AGMA  open  gear  lubricants 


r—  | 

— ‘O 

o 

o  • 

0 

•  =T 

so  *“ 

O' 

m  n- 

• 

eo  f- 

00 

O' 

o  o 

(A 

4)  +-> 

a* co 

in  o 

c 

•  ♦ 

(0 

eo  r*. 

L.  CO 

cn  m 

o 

ST  00 

4-> 

—  U- 

o  o 

(A  O 

o  o 

O 

o  o 

O  O 

•*  % 

(A  f- 

ST  co 

—  eg 

> 

o  o 

4-> 

*->  4~> 

CO 

©  o 

=> 

o  o 

CO 

o  o 

CO 

»  •> 

’ — ’ 

eg  sr 

\ 

(A 

*o  — * 

c  • 

3  O 

O  C 

a. 

S  -*-» 

o  z 

O  TO 

oc  cc 

o 

st  m 

r—  »— 

CO  L. 

3  X 

*0  3 

C A 

4)  < 

oc  Z 

O 

< 

>w 

4P 

c 

co 

o 

C- 

X  — 

3  • 

Q.Q.Q.Q.CLCLQ.CLQ.  Q- 

—  o 

LiJ  L*_J  LiJ  Li J  LiJ  Lii  LiJ  HI  LiJ  LfJ 

c 

< 

crm'ONco^O’-M  ro 

r-  *-  *-  r- 

< 

o 

A  «— ■*  a  4J 

0 

— *  o  o  O  CO 

o  o  o  o 

CO 

ooooorx-roin^o 

N- 

N.invOOO«-  CM  V* 

ro 

r-egmin«o  oooeg  csi| 

O  4J  *->  4-J 

lA  +J 

ooooo*-»  o  — 

0)  CO 

4->  *-i  *->  4->  4->  o  O  O  ■*-»  O 

O' 

O  O  O  O  o 

C  4-> 

OOOOOOOCNjroo 

CO  CO 

oorvinc  n^voa'O' 

(-  C 

f  N  fO  v£)  r-  . 

O  O  O  O' 

4-» 

inM(\vONOC\I^OSO 

•—  0 

\ONfOJ  OiAfO^^OU 

(A 

N-  PO  ^  \C  •>  ^  *  ©  <0 

o  o 

*  *  *  •  fo  ff  -  — * 

o  © 

^•r-C^fOS^Cvf^)*- 

on  •— 

u_ 

— 

OOOOOOOOOOo 

>  «-> 

CO 

o 

\DtcineNO  oo  oo»- 

3 

CN*-fOr*PO^inO'NifiCN 

CO 

'sOONroO'ceegmr-reco 

CO 

»-  r-  N  VO  ro  O'  CO 

»-  «-  CM 

— 

o 

CO  C 

■—  4-> 

o  c 

CO 

1-  o 

CO  - 

0)  L. 

ffifi'ONccff'Of-ejfn 

O'  43 

3 

o  — 

*  5 

tr  $ 

< 

a>  c 

C-  (0 

CO  o 

L. 

a>  «*- 

4) 

—  *0  (A  O 

X 

O  4)  *J 

■ 

CO  4-»  c  u> 

4) 

■  (A0>  0) 

> 

S  —  3  — 

O 

CO  —  —  4-> 

z 

«•-  to  Q  (A 

„ 

CO)  o 

< 

o  —  o 

> 

C  4-*  •  (A 

—  (A  — 

-.(AO)  > 

c 

0>  o  c. 

o 

—  03  +-» 

4-> 

•-  rto  — 

O' 

*->  —  4)  o 

c 

CO  >  O  X) 

—  o  ^ 

O  U  co 

>  •  a  co 

< 

x 

CO  4-»  0)  «•» 

0)  O'  o 

c 

O'  4)  CO 

o 

C  *■»  k.  4-» 

—  o  c 

4-» 

C  t_  •*->  4) 

co 

—  CO  (A  ■ 

CO  0)  0) 

o 

*J  0)0  L. 

o 

C  C  3 

(A 

O  0)  co  (A 

(A 

O  -C  co 

< 

*P  O'  0) 

(ACS 

(A 

—  c  — 

L. 

—  O  —  iA 

0) 

O  T3  CO 

L. 

4-»  C 

3 

OCR)  — * 

4-> 

0)  co  «c  o 

o 

—  U  O 

CO 

*o  —  — 

w 

O  c  CO  O' 

3 

jo  x  — 

C 

.30  «o 

co 

z 

CO  W-  (A 

L. 

<1)0  •  U. 

CO 

X  0)  (A  O 

4) 

■  u  c 

o 

0)  —  —  o  o 

i-  —  3—  — 

c 

CO  w  CT4->  CN 

CO 

0)  o 

O 

')C  L  DP 

(AO  L-  CO 

L. 

4) 

U  £  <0  V)  3 

S 

CO  4-»  I  C  4> 

< 

X  —  — 

«->  CO  (A  w  • 

% 

3  W  (A  —  — 

U  O'  C>  U  CO 

pi 

C  CO  L.  0)  o 

4P  —  u  0)  CL  — 

w. 

C  >  —  —  (A  4-> 

CO 

a>  <0  i-  —  o 

4) 

>  0)  £>  O.  0)  CO 

O 

—  —  3  Q.  U  U 

O  —  3  CO  Q. 

c 

(A  (A  (A 

4) 

4>  0)  4)  0) 

CL 

W  p  V)  p  >  £ 

o 

co  co  a>  c  o 

L  C  ID  XI  P 

_ 

C  O  4J  o  co  o 

CO 

5  a  —  c 

O  CD  l_  TD 

o 

c  >  ••  n  c  -o 

4P 

^  4>  C  3  CO  — 

(A 

O  —  3 

3 

>»*-»—  00  O 

"O 

—  C  4P  4-»  v  » 

c 

C  4)  3  — 

O  3  CO  3 

m  —  o  ca  (A  o 

Vh. 

■  —  c  U  o 

o 

0*0  0  4) 

u  •  o  n  o> 

c 

4)  4P  C  • 

o 

*.C  c  3  e- 

4)  ♦“  4)  •  c  on 

4P 

a.  3  c 

CO 

>,  —  —  *p 

o 

4P  ■  •  J(  c  U. 

C  “O  (A  CO  0 

o 

P  o  u 

X 

C  —  4P  4)  —  O 

3 

0>p  3£  LO 

-J 

3  <0  OPXr 

—  OX  3 

% 

—  —  4->  O  —  4-> 

CM 

*0  —  —  4->  CO 

O 

.  a  *  < 

<A  Cl  CA  Z  (A 

*o  co  *o  C  O  -*P 

in 

c  c  —  <  c 

CM 

3  w  3  4-*  CO 

o  o  o  co  <—  o 

< 

3 

O  (A  o  t-  CA  x 

< 

O  CO  o  L-  0)  3 

4)  —  —  — 

*o 

—  4)  4P 

L. 

«  L  W  L  -  > 

CQ 

3  O  CO  O  (A  > 

“O 

T5  *-  X  O  CO 

c 

—  0  0  4) 

CO 

(A  *->  4>  —  (AX 

4-» 

4)  C  X  X  — 

00 

QC  4)  P  O  >  4> 

3  4P  (A 

■  4 

y 

—  O  4) 

o  e- 

\  -  O  4)  N  X 

L.  O' 

— 1*3  O-  X  <M|*J 

U.  r- 

E5 


Table  E5 

Recommended  ACMA  lubricants  (tor  cem.iiuous  methods  of  application) 
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Table  E6 


Recommended  AGMA  lubricants  ((or  intermittent  methods  of 
application  limited  to  1500  ft/mtn  (8  m/sec)  pitch  line  velocity  \/ 


Mechanical  spray 

systems  3/ 

Ambient  temperature  in 
degrees  Fahrenheit 
(Celsius)  2/ 

EP 

lubricant 

Residual 
compound  4/ 

Gravity  feed  for 
forced  drop  method 
using  EP  lubricant 

15  to  60  (-9  to  16) 

- 

14R 

- 

40  to  100  (4  to  38) 

12  EP 

15R 

12  EP 

70  to  125  (21  to  52) 

13  EP 

15R 

13  EP 

NOTE:  AGMA  viscosity  number 

recommendations  listed 

above  refer  to 

gear  oils  shown  in  Appendix  4. 

1/  Feeder  must  be  capable  of  handling  lubricant  selected. 

2/  Ambient  temperature  is  temperature  in  vicinity  of  the  gears. 

3/  Greases  are  sometimes  used  in  mechanical  spray  system  to  lubricate  open  gearing.  A  general 
purpose  EP  grease  of  number  1  consistency  (NGL1)  is  preferred.  Consult  gear  manufacturers  and  spray 
system  manufacture  before  proceeding. 

4/  Diluents  must  be  used  to  facilitate  flow  through  applicators. 

From  Standard  AGMA  251.02,  Lubriction  of  Industrial  Open  Gearing,  American  Gear  Manufacturers 
Association,  Arlington,  VA,  November  1974. 
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